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Art.  I. — The  Inconsistencies  of  Utilitarianism  as  the  Exchcsive 
Theory  of  Organic  Evolution  ;  by  Rev.  John  T.  Gulick. 

Natural  Selection  an  Exclusive  Theory  with  some  Biologists, 

In  a  previous  article,  entitled  *' Divergent  Evolution  and 
the  Darwinian  Theory,"*  I  dwelt  chiefly  on  the  need  of  a 
bionomic  theory   that  should   explain   polytvpic,  as  well   as 
monotypic,  evolution.     One  of  the  chief  dehciencies  in  Dar- 
win's discussion  of  the  "Origin  of  Species,"  is  that  he  does 
not  distinguish  with  sufficient  clearness  the  conditions  that  are 
necessary  for  the  transformation  of  an  original  species  into  a 
new  species,  when  the  former  disappears  in  the  process,  leaving 
the  latter  to  occupy  its  place,  and  the  conditions  that  are  neces- 
sary for  the   production   of  two  or  more  species  from   one 
original   species.      In   this   paper  it    may  be   instructive   to 
examine  a  vigorous  attempt  that  has  been  made  so  to  expound 
the  theory  of  natural  selection  (which  Darwin  considered  as 
inadequate  to  cover  all  the  forms  of  monotypic  evolution,) 
that  it  shall  serve  as  the  full  explanation  of  both  monotypic 
and  polytypic  evolution  in  all  organisms  lower  than  man.     By 
confining  our  attention  to  Mr.  Wallace's  very  interesting  and 
sdegestive  volume  on  "  Darwinism,"  we  shall  be  l)etter  able  to 
judge  of  the  possibility  of  producing  a  self-consistent  theory 
?u  this  basis ;  but  we  should  bear  in  mind  that  the  same  view 
^  maintained  by  many  naturalists,  and  that  parallel  statements 
*lK>und  in   their  writings.     Mr.  Wallace's   volume  not  only 
^^bodies  the  mature  reflections  of  one  of  the  joint  authors  of 

*  Thia  Journal,  vol.  xxzix,  pp.  21-30, 
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2  J.  T.  Gulick — Inconsistencies  of  Utilitarianism. 

the  theory  of  natural  selection,  but  it  fairly  represents  that 
phase  of  biological  theory  which  considers  diversity  of  natural 
selection  through  exposure  to  different  environments  the  only 
cause  of  divergence.  The  following  passage  will  show  the 
exclusive  nature  of  his  theory :  "A  great  body  of  facts  on  the 
one  hand,  and  some  weighty  arguments  on  the  other,  alike 

Erove  that  specific  characters  have  been,  and  could  only  have 
een,  developed  and  fixed  by  natural  selection  because  of  their 
utility.  We  may  admit  that  among  the  great  number  of  vari- 
ations and  sports  which  continually  arise  many  are  altogether 
useless  without  being  hurtful ;  but  no  cause  or  infiuence  has 
been  adduced  adequate  to  render  such  characters  fixed  and 
constant  throughout  the  vast  number  of  individuals  which  con- 
stitute any  of  the  more  dominant  species." — Darioinism^  p.  142. 
This  is  in  strong  contrast  with  the  following  passage  from  the 
close  of  the  Introduction  of  the  sixth  edition  of  the  '*  Origin 
of  Species,"  which  is  the  last  one  that  received  the  revision  of 
the  author :  "  I  am  fully  convinced  that  species  are  not  immu- 
table, but  those  belonging  to  what  are  called  the  same  genera 
are  lineal  descendants  of  some  other  and  generally  extinct 
species,  in  the  same  manner  as  the  acknowledged  varieties  of 
any  one  species  are  the  descendants  of  that  species.  Further- 
more, I  am  convinced  that  Natural  Selection  has  been  the 
most  important,  but  not  the  exclusive,  means  of  modification." 
On  page  421  of  the  same  edition,  Darwin  calls  attention  to  the 
fact  that  this  passage  has  *'  been  placed  in  a  most  conspicuous 
position  "  in  the  diSerent  editions  of  his  work,  and  complains 
of  the  writers  who  misrepresent  his  conclusions  on  this  point. 


Facts  that  are  Neglected  or  Denied. 

Though  Darwin  maintains  that  besides  the  inherited  effects  of 
use  and  disuse  and  the  direct  action  of  the  external  conditions 
there  are  other  forms  of  variation  leading  to  permanent  modi- 
fications of  structure  independently  of  natural  selection 
{Origin  of  Species^  6th  London  ed.,  p.  421),  he  does  not 
attempt  to  explain  how  these  divergences  arise.  Neither  Dar- 
win nor  Wallace  appears  to  have  observed,  that,  as  in  domesti- 
cation, the  isolated  breeding  of  other  than  average  forms, 
in  whatever  way  it  is  secured,  is  the  one  necessary,  and  always 
effective,  cause  of  divergence,  so,  in  nature,  wlierever  there 
arises  the  isolated  breeding  of  other  than  average  forms, 
there  divergence  will  be  produced;  or  that,  as  exposure  to 
different  environments  is  only  one  of  the  causes  that  lead  iso- 
lated bands  of  men  to  desire  and  select  different  types  of  vari- 
ation in  the  same  species  of  animal,  so  exposure  of  wild  spe- 
cies to  differept  environments  is  only  one  of  several  classes  of 
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canees  that  may  subject  isolated  portions  of  one  of  these  spe- 
cies to  different  forms  of  selection,  producing  divergence ;  or, 
again,  that  as  differences  in  the  uses  to  which  men  put  an 
animal  are  not  necessarily  useful  diflferences,  so  the  differences 
in  the  uses  which  isolated  portions  of  a  species  make  of  the 
environment,  though  they  produce  diversity  of  natural  selec- 
tion, leading  to  permanent  divergence,  are  not  necessarily 
nsefnl  differences.  These,  with  other  allied  doctrines,  which 
were  presented  in  my  paper  on  "  Divergent  Evolution  Through 
Cumulative  Segregation,"  have  received  adverse  criticism  from 
Mt.  Wallace  in  tne  work  mentioned  above.  He  says:  "In 
Mr.  Gulick's  last  paper  {Jour,  of  Linn,  Soc,^  Zoology,  vol.  xx, 
pp.  189-274),  he  discusses  the  various  forms  of  isolation 
above  referred  to,  under  no  less  than  thirty-eight  different 
divisions,  with  an  elaborate  terminology,  and  he  argues  that 
these  will  frequently  bring  about  divergent  evolution  without 
any  change  in  the  environment  or  any  action  of  natural  selec- 
tion. The  discussion  of  the  problem  here  given  will,  I  believe, 
suflSciently  expose  the  fallacy  of  his  contention,  but  his  illus- 
trations of  the  varied  and  often  recondite  modes  by  which 
practical  isolation  may  be  brought  about,  may  help  to  remove 
one  of  the  popular  difficulties  in  the  way  of  the  action  of 
natural  selection  in  the  origination  of  species."  (Note  on  p. 
160). 

In  this  passage  Mr.  Wallace  seems  to  take  issue  with  each 
and  all  of  my  propositions ;  but  after  a  careful  study  of  his 
whole  discussion,  one  cannot  but  be  in  doubt  whether  he  fully 
dissents  from  any  of  them.  This  uncertainty  arises  either 
from  his  failing  to  recognize  distinctions  which  I  have  made, 
or  from  ambiguities  and  inconsistencies  in  his  own '  statements. 

JSxtendinff  the  meaning  of  Natural  Selectioti  does  not  save  the 

Theory, 

He  represents  me  as  contending  that  divergent  groups  are 
frequently  found  in  which  the  action  of  natural  selection  is 
wanting.  He  here  fails  to  distinguish  between  the  absence  of 
diversity  in  the  action  of  natural  selection  and  the  absence  of 
any  action  of  the  same  principle.  I  have  never  maintained 
that  any  species  can  long  escape  the  action  of  natural  selec- 
tion ;  but  1  have  that  natural  selection  cannot  produce  trans- 
formation of  a  race  unless  it  secures  the  propagation  of  other 
than  average  forms  of  that  race ;  that  it  cannot  be  a  cause  of 
divergence  unless  to  this  condition  is  added  the  independent 
generation  (i.  e.,  isolation)  of  groups  that  are  subjected  to  some 
diversity  in  its  action ;  and,  that,  in  isolated  groups,  some  of 
the  divergent  characters  may  be  due  to  other  causes  of  trans- 
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formation.  In  the  passage  I  have  quoted  from  p.  142,  he 
expresses  ^at  conndence  in  the  proof  that  all  specific  char- 
acters are  developed  and  fixed  by  natural  selection ;  but  in  the 
discussion  that  follows  concerning  the  influence  of  natural 
selection,  he  claims  as  belonging  to  this  principle  sets  of  influ- 
ences which  are  usually  included  under  sexual  selection,  and 
which  he  cannot  re^rd  as  due  to  the  reactions  between  the 
species  and  its  environment.  (See  Darwinism^  pp.  282-5)^ 
and,  even  then,  it  is  found  too  narrow  to  cover  all  the  facts  of 
specific  divergence ;  for,  when  he  comes  to  consider  the  origin 
and  development  of  accessory  plumes,  he  has  to  abandon  the 
theory  to  which  he  has  clung  tnrough  the  greater  part  of  the 
book.  Speaking  of  the  enormously  lengthened  plumes  of  the 
"  bird  of  paradise  and  of  the  peacock,"  he  says,  on  page  293, 
"  The  fact  that  they  have  been  developed  to  so  great  an  extent  in 
a  few  species  is  an  indication  of  such  perfect  adaptation  to  the 
conditions  of  existence,  such  complete  success  in  the  battle  of 
life,  that  there  is,  in  the  adult  male  at  all  events,  a  sv/rplus  of 
strength^  vitality  and  growth  power ^  which  is  able  to  escpand 
itself'  in  this  way  without  inju7*y.  That  such  is  the  case  is 
shown  by  the  great  abundance  oi  most  of  the  species  which 
possess  these  wonderful  superfluities  of  plumage.  *  *  ♦ 
nhy^  i7i  aUied  species^  the  development  of  accessory  plumes 
has  taken  different  forms^  we  are  unable  to  say^  except  that  it 
may  he  due  to  that  individual  variability  which  has  served  as 
the  starting  point  for  so  much  of  what  seems  to  us  to  be 
strange  in  form  or  fantastic  in  color,  both  in  the  animal  and 
vegetable  world."  (The  italics  are  mine.)  According  to  the 
theory  he  has  elsewhere  maintained,  these  superfluities  of  form 
and  color  which  are  not  controlled  by  natural  selection  should 
present,  "  a  series  of  inconstant  varieties  mingled  together,  not 
a  distinct  segregation  of  forms"  (p.  148) ;  but  in  this  passage 
he  teaches  that  they  have  assumed  different  forms  in  allied 
species.  On  p.  141  he  maintains  that  characters  which  are 
neither  benencial  nor  injurious  are  from  their  very  nature 
unstable  and  cannot  become  specific,  while  here  he  offers  a 
suggestion  as  to  how  they  have  become  specific.  There  is 
then  a  problem  that  presses  for  solution,  namely,  the  explana- 
tion of  permanent  divergence  in  characters  that  are  useless 
without  being  hurtful  (p.  142),  unless  he  considers  his  sugges- 
tion "  that  it  may  be  due  to  individual  variability  "  an  adequate 
explanation ;  and  I  presume  he  does  not.  On  page  142,  he 
says  of  characters  that  are  ** useless  without  bemg  hurtful:" 
"  If  o  cause  or  infiuence  has  been  adduced  adequate  to  render 
such  characters  fixed  and  constant ;  but  in  speaking  of  "  the 
delicate  tints  of  spring  foliage,  and  the  intense  nues  of  autumn," 
he  says :  "As  colors  they  are  unadaptive,  and  appear  to  have 
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no  more  relation  to  the  well-beinc  of  the  plants  themselves 
than  do  the  colors  of  gems  and  minerals.  We  may  also 
inclnde  in  the  same  category  those  algse  and  fnn^  which  have 
bright  colors — the  red  snow  of  the  Arctic  regions,  the  red, 
green,  or  purple  seaweeds,  the  brilliant  scarlet,  yellow,  white, 
or  black  agarics,  and  other  fungi.  All  these  colors  are  proba- 
bly the  direct  results  of  chemical  composition  or  molecular 
structure,  and  being  thus  normal  products  of  the  vegetable 
organism,  need  no  special  explanation  from  our  present  point 
of  view;  and  the  same  remark  will  apply  to  the  varied  tints 
of  the  bark  of  trunks,  branches  and  twigs,  which  are  often  of 
various  shades  of  brown  and  green,  or  even  vivid  reds  or 
yellows"  (p.  302).  He  here  seems  to  admit  that  instead  of 
useless  specific  charactere  being  unknown,  they  are  so  common 
and  so  easily  explained  by  **  the  chemical  constitution  of  the 
organism"  that  they  claim  no  special  attention. 

Inconsistency  in  extending  the  meaning  of  Environment 

If  Mr.  Wallace  accepts  the  definition  of  natural  selection 
which  makes  it  the  survival  of  those  members  of  a  species 
which  are  best  fitted  to  its  environment  (and  this  is  the  scope 
he  seems  to  assign  to  it  in  the  earlier  half  of  Chapter  V  where 
the  matter  is  under  special  discussion),  then  he  dught  to  admit 
that  changes  in  a  species  produced  bv  the  action  of  the  mem- 
bers of  the  species  on  each  other  although  they  are  adaptive 
are  not  due  to  natural  selection.  If,  on  the  other  hand,  nat- 
ural selection  is  made  to  include  the  actions  and  reactions  of 
the  species  on  itself  (and  this  he  does  on  pages  282-5),  then 
certainly  he  ought  to  admit  that  there  may  be  changes  in  the 
action  of  natural  selection  without  any  change  in  the  relations 
of  the  species  to  the  environment.  One  way  to  escape  this 
dilemma  is  to  extend  the  definition  of  the  environment  so  as 
to  include  every  infl^uence  that  aflFects  the  species,  whether  it  is 
within  the  species,  or  external  to  it ;  but  this  reduces  his  doc- 
trine, that  without  change  in  the  environment  there  is  no 
change  in  the  organism,  to  the  fruitless  truism  that  without 
some  cause  there  is  no  change  in  the  organism.  An  example 
of  Mr.  Wallace's  extending  the  meaning  of  the  environment 
«o  as  to  include  the  action  of  the  members  of  a  species  on  each 
other,  is  found  on  page  149.  After  mentioning  several  argu- 
ments intended  to  show  the  impossibility  that  isolated  portions 
of  a  species  should  diverge  while  exposed  to  the  same  environ- 
ment, he  remarks,  ''  It  is  impossible  that  the  environment  of 
the  isolated  portion  can  be  exactly  like  that  of  the  bulk  of  the 
species.  It  cannot  be  so  physically,  since  no  two  separated 
areas  can  be  exactly  alike  in  climate  and  soil ;  and,  even  if 
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they  are  the  same,  the  geographical  features,  size,  contour,  and 
relation  to  winds,  seas  and  rivers  would  certainly  diflfer.  Bio- 
logically, the  differences  are  sure  to  be  considerable.  The 
isolated  portion  of  a  species  will  almost  always  be  in  a  much 
smaller  area  than  that  occupied  by  the  species  as  a  whole,  hence 
it  is  at  once  in  a  different  position  as  regards  its  own  kind^^ 
He  then  enumerates  several  differences  in  the  biological  en- 
vironment that  are  liable  to  occur ;  but  the  point  I  wish  now 
to  note  is,  that  he  mentions  as  one  of  the  differences  in  the 
environment  the  ''^different  position  as  regards  its  own 
kind.^^  This  is  exactly  the  difference  which,  in  so  far  as  it  is 
the  prevention  of  intercrossing  and  the  consequent  unification 
of  endowments  and  habits,  constitutes  isolation  ;  and  unless  he 
is  able  to  show  that  this  difference  is  incapable  of  producing 
any  divergence,  his  contention  is  unsustained.  But  he  here 
yields  the  point  at  issue,  by  mentioning  this  amongst  the 
effective  differences.  The  only  wav  to  escape  the  force  of  his 
concession  is  to  claim,  as  he  virtually  does  here,  that  isolation, 
being  the  separation  of  the  isolated  fragment  from  the  influ- 
ence of  the  original  stock,  is  in  itself  a  difference  in  the  en- 
vironment. By  taking  this  position,  however,  he  involves 
himself  in  another  contradiction ;  for,  if  isolation  is  a  differ- 
ence in  the  environment,  why  does  he  deny  that  it  has  a  direct 
influence  in  producing  change  in  the  organism  ? 

Diversity/  of  Natural    Selection  during  exposure  to  the  same 

Environment. 

Another  discrepancy  in  Mr.  "Wallace's  theory  is  that,  while 
he  rightly  assigns  great  importance  to  diversity  of  natural  se- 
lection arising  from  divergent  habits  in  appropriating  the 
resources  of  the  same  environment,  exhibited  by  different 
sections  of  the  same  species  occupying  the  same  area,  he, 
nevertheless,  insists  that  the  representatives  of  a  species,  iso- 
lated in  different  areas  of  the  same  environment,  will  be 
neccessarily  subjected  to  the  same  influences  from  natural 
selection,  and  will  inevitably  maintain  the  same  characters 
and  of  course,  the  same  habits.  That  he  believes  divergent 
habits  may  arise,  when  the  divergent  groups  are  occupying  the 
same  area^  and  are  prevented  ^rom  crossing  simply  by  the 
divergence  of  habits,  will  be  seen  by  the  case  of  the  varieties 
of  wolves  mentioned  on  p.  105,  and  by  some  of  the  cases 
mentioned  on  pp.  108  and  117;  also  by  the  statement,  on  p. 
119,  that — "  When  one  portion  of  a  terrestrial  species  takes  to 
a  more  arboreal  or  a  more  aquatic  mode  of  life,  the  change  of 
habits  itself  leads  to  the  isolation  of  each  portion,"  and  by  a 
similar  statement  at  the  bottom  of  p.  145.     That  he  believes 
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there  can  be  no  change,  either  of  habits  or  structure,  when 
portions  of  the  same  species  are  isolated  in  different  areas 
nnder  the  same  environment,  appears  from  the  statement  on  p. 
149,  that — "  If  the  averaffe  characters  of  the  species  are  the 
expression  of  its  exact  adaptation  to  its  whole  environment, 
then,  given  a  precisely  similar  environment,  and  the  isolated 
portion  will  inevitably  be  brought  back  to  the  same  average  of 
characters."  And  this  he  maintains  will  be  the  case  even  "  if 
we  admit,  that,  when  one  portion  of  a  species  is  separated 
from  the  rest  there  will  necessarily  be  a  slight  difference  in  the 
average  character  of  the  two  portions." 

Does  the  Difference  in  the  Environment  increase  with  each  suc- 
cessive Mile  ? 

If  the  divergences  presented  by  the  Sandwich  Island  land 
molluscs  are  wholly  due  to  exposure  to  different  environments, 
as  Mr.  Wallace  argues  on  pages  147-150,  then,  there  must  be 
completely  occult  influences  in  the  environment  that  vary  pro- 
gressively with  each  successive  mile.  This  is  so  violent  an 
assumption  that  it  throws  doubt  on  any  theory  that  requires 
such  support.  Of  all  the  suggestions  made  by  Mr.  Wallace 
concerning  possible  and  inevitable  differences  in  the  environ- 
ments presented  in  the  successive  valleys,  it  seems  to  me  not 
one  meets  the  requirements  of  the  case,  or  throws  any  light  on 
the  subject.  The  one  suggestion  which  is  quite  applicable  as 
an  explanation  is  the  one  already  quoted  that  "the  isolated 
portion  is  at  once  in  a  different  position  as  regards  its  own 
kind."  This  is,  I  believe,  a  most  potent  difference,  which  (as 
Mr.  Wallace's  language  seems  to  indicate),  is  directly  intro- 
duced by  isolation,  and  (adhering  to  the  meaning  usually 
given  to  environment,)  is  not  at  all  due  to  difference  in  the 
environments  presented  in  the  different  areas. 

Unstable  Adjustments  disturbed  by  Isolation, 

There  is  a  sentence  in  another  chapter  of  Mr.  Wallace's 
book  which  attributes  to  isolation  (though  without  recogniz- 
ing the  important  results  that  must  follow)  just  that  kind  of 
influence  in  introducing  a  certain  class  of  physiological  diver- 
gences, which  I  claim  for  it  in  introducing,  not  only  physio- 
logical, but  also  psychological  and  morphological  divergences. 
I  claim  that  there  is,  in  many  species,  more  or  less  variation 
with  unstable  adjustment,  in  the  habits  which  determine  what 
forms  of  food  it  shall  appropriate,  and  that,  when  a  few  indi- 
viduals of  such  a  species  (the  offspring  perhaps  of  a  single 
female)  are  isolated,  this  adjustment  is  often  so  disturbed  oy 
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the  failure  of  the  few  individuals  to  completely  represent  the 
average  character  of  the  species  and  by  their  being  freed  from 
competition,  and  wide  interbreeding  with  those  of  their  own 
kind,  that  divergent  habits  of  feedmg  are  formed.     I  further 
claim  that  for  the  production  of  this  result  it  is  not  at  all 
necessary  that   the    environments  presented  in   the  isolated 
districts  should  diflfer  in  any  respect.     Indeed  if  all  but  one 
pair  of  a  variable  species  should  be  destroyed,  the  descendants 
of  that  pair,  remaining  in  the  same  area  and  under  the  same 
environment,   would   probably  differ  more  or  less  from  the 
original  stock.     Those  that  breed  together  must  have  habits 
that  enable  them  to  do  so ;  and  the  oflfspring  of  those  that 
interbreed  widely  will  for  the  most  part,  inherit  the  powers 
and  habits  that  enabled  their  ancestors  to  interbreed  widely ; 
but  if  the  oflfspring  of  a  single  family  are  carried  to  an  isolated 
area  presenting  the  same  environment,  there  will  be  nothing  to 
ensure  the  perpetuation  of  exactly  the  original  powers  and 
habits,  unless  the  power  of  heredity  is  such  that  each  pair  is 
sure  to  transmit  the  complete  average  character  of  the  whole 
species ;  and  this  is  not  the  condition  of  all  species  that  pair, 
it  of  any.     Within  the  limits  of  each   freely   interbreeding 
portion  of  a  species  a  mutual   harmony  and   adjustment  of 
nabits  is  preserved,  because  it  is  the  condition  of  propagation 
within  those  limits ;  but  between  portions  that  are  prevented 
from  interbreeding  there  is  nothing  but  heredity  to  prevent 
divergence  in  the  kinds  of  adjustment;  and  in  variable  species, 
the  probal)ility  is  that  divergence  will  in  time  show  itself  more 
or  less  distinctly.    Though  Mr.  Wallace  considers  this  reason- 
ing fallacious  when  applied  to  divergence  in  habits  he  uses  an 
exactly  parallel  reasoning  in  the  portion  of  the  following  pas- 
sage which  I  designate  by  italics.     "  It  appears  as  if  fertility 
depended  on  such  a  delicate  adjustment  of  the  male  and  ft- 
male  elements  to  each  other ^  that^  unless  constantly  kept  up  by 
the  preservation  of  the  most  fertile  individuals^  sterility  is 
always  liable  to  arise,  ,  ,  ,  oo  long  as  a  species  remains  un- 
divided^  and'  in  occupation  of  a  continuoics  area^  its  fertility 
is  kepi  up  by  natural  seUction ;  but  the  moment  it  becomes 
separated^  either  by  geographical  or  selective  isolation^  or  by 
diversity  of  station  or  of  habits^  while  each  portion  must  be 
kept  fertile  inter  se,  there  is  nothing  to  prevent  infertility 
arising  between  the  two  separated  portions.     As  the  two  por- 
tions will  necessarily  exist  under  somewhat  diflferent  conditions 
of  life,  and  will  usually  have  acquired  some  diversity  of  form 
and  olor — both  which  circumstances  we  know  to  be  either  the 
cause  of  infertility  or  to  be  corelated  with  it— the  fact  of  some 
degree  of  infertility  usually  appearing  between  closely  allied 
but  locally  or  physiologically  segregated   species   is   exactly 
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what  we  ehoald  expect"  (p.  184-5).  Notwithstandinff  this 
statement  he  does  not  seem  to  have  grasped  the  idea,  tnat  in 
the  geojgraphicallj  isolated  portions  as  well  as  in  the  others, 
the  "  dinerent  conditions  of  life  "  of  which  he  speaks,  may  be 
the  different  relations  to  the  environment  into  which  the 
separated  portions  are  brought  by  their  divergent  habits,  with- 
out any  reference  to  inevitable  differences  in  the  size  and  con- 
tours of  the  different  areas  or  in  any  other  features  of  the 
environments ;  and  that  the  divergence  in  the  habits  may  be 
directly  due  to  the  orevention  of  mterbreeding  between  sep- 
arated portions  whicK  inevitably  differ  in  average  character, 
especially  if  they  are  very  small  portions. 

Isolated  portions  differ  in   varying  degrees  from   the  average 

character  of  the  Species, 

The  italicized  portion  of  the  passage  last  quoted  attributes 
to  isolation,  in  stronger  language  than  I  should  be  willing  to 
use,  a  direct  influence  in  producing  divergence  in  the  adjust- 
ments on  which  fertility  in  the  different  portions  of  the  species 
depend.  I  should  prefer  to  say  that  in  some  species  the  ad- 
justments on  whicn  fertility  depends  are  so  delicate  that, 
adjustments  producing  perfect  fertility  within  one  intergener- 
atin^  portion  of  the  species,  will  not  produce  fertility  in  another 
portion  that  has  been  long  isolated.  I*  do  not  make  my  state- 
ments so  sweeping  as  his  concerning  the  divergent  influence 
of  isolation  on  any  one  class  of  characters,  but  I  include  all 
classes  of  inheritable  characters,  in  sexually  producing  organ- 
isms, as  coming  under  its  influence.  I  also  insist  that  the 
direct  influence  of  isolation  in  producing  divergence  is  in  pro- 
portion to  the  degree  of  segregation,  which  varies  immensely 
in  different  forms  of  isolation  which  are  equally  complete  as 
preventives  of  intercrossing.  A  very  stable  and  homogeneous 
species  may  be  divided  by  geological  subsidence  into  two  large 
sections,  each  represented  by  a  vast  number  of  individuals. 
In  such  a  case  the  difference  in  the  average  character,  and  con- 
sequently the  degree  of  segregation,  of  the  two  sections  will 
be  intinitesimally  small,  and  the  influence  of  the  isolation  thus 
produced  will  chiefly  consist  in  its  preserving  in  the  different 
sections  any  diversities  that  may  arise  in  the  effects  of  natural 
selection,  or  of  other  principles  of  transformation.  The  isola- 
tion between  the  land  animals  of  Ireland  and  Britain,  which 
Mr.  Wallace  cites  as  adverse  to  my  theory,  is  of  this  kind. 
Again,  there  may  be  transportation  and  isolation  of  very  small 
fragments  of  a  very  variable  species.  In  such  a  case  separa- 
tion may  involve  a  degree  of  segregation  that  from  the  first 
produces  perceptible  divergence.     Again,  the  process  by  which 
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the  isolation  is  produced  may  be  in  itself  segregative,  in  that 
it  brings  together  those  endowed  in  some  special  way,  causing 
them  to  breed  together,  and  preventing  them  from  breeding 
with  others.  This  is  especially  the  case  with  Sexual,  Social, 
and  Prepotential,  Segregation,  and  in  some  degree  with  Indus- 
trial Segregation.  Isolation  thus  produced  is  in  its  very  nature 
segregative,  and  would  result  in  divergence  if  diversity  of 
natural  selection  did  not  arise  in  the  different  sections  of  the 
species.  Segregation  with  divergence  may  also  be  produced 
by  natural  selection  or  some  other  principle  of  transformation 
co-operating  with  some  form  of  isolation  that  of  itself  is  not 
perceptibly  segregative.  As  segregation  of  other  than  average 
forms  always  produces  divergence,  and  without  it  there  is  no 
divergence,  I  claim  that  it  is  the  fundamental  principle  of 
divergent  or  polytypic  evolution.  Natural  selection,  which  is 
the  exclusive  propagation  of  those  better  adapted  to  the  envi- 
ronment, when  it  results  in  the  preservation  of  other  than 
average  forms,  produces  confluent  or  monotypic  evolution; 
but  it  is  never  the  cause  of  divergence,  except  when  co-operat- 
ing with  some  principle  of  isolation  in  such  a  way  that  the 
two  principles  produce  segregation.  Failure  to  recognize 
these  distinctions,  prevents  Mr.  Wallace  from  understanding 
my  theory,  and  leaas  him  to  represent  me  as  claiming  for  isola- 
tion all  tnat  I  claim  for  segregation. 

Incompatibilities  arise  during  Positive  Segregation. 

On  pages  173-186,  Mr.  Wallace  maintains  that  "Natural 
selection  is,  in  some  probable  cases  at  all  events,  able  to  accu- 
mulate variations  in  infertility  between  incipient  species'* 
(p.  174);  but  his  reasoning  does  not  seem  to  me  conclusive. 
Even  if  we  grant  that  the  increase  of  this  character  occurs  by 
the  steps  which  he  describes,  it  is  not  a  process  of  accumula- 
tion by  natural  selection.  In  order  to  be  a  means  of  cumula- 
tive modification  of  varieties,  races  or  species,  selection,  whether 
artificial  or  adaptational,  must  preserve  certain  forms  of  an 
intergenerating  stock,  to  the  exclusion  of  other  forms  of  the 
same  stock.  Progressive  change  in  the  size  of  the  occupants 
of  a  poultry -yard  may  be  secured  by  raising  only  bantams  the 
first,  only  common  fowls  the  second,  and  only  Shanghai  fowls 
the  thira  year ;  but  this  is  not  the  form  of  selection  that  has 
produced  the  different  races  of  fowls.  So  in  nature  rats  may 
drive  out  and  supplant  mice ;  but  this  kind  of  selection  modi- 
fies neither  rats  nor  mice.  On  the  other  hand,  if  certain 
variations  of  mice  prevail  over  others  through  their  superior 
success  in  escaping  their  pursuers,  then  modification  begins. 
Now,  turning  to  p.  175,  we  find  that  in  the  illustrative  case 
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introduced  by  Mr.  Wallace,  the  commencement  of  infertility 
between  the  incipient  species  is  in  relations  to  each  other  of 
two  portions  of  a  species  that  are  locally  segregated  from  the 
rest  of  the  species,  and  partially  segregated  from  each  other 
by  different  modes  of  life.  These  two  local  varieties,  by  the 
terms  of  his  supposition,  being  better  adapted  to  the  environ- 
ment than  the  freely  interbreeding  forms  m  other  parts  of  the 
feneral  area,  increase  till  they  supplant  these  original  forms, 
'hen,  in  some  limited  portion  of  the  general  area,  there  arise 
two  still  more  divergent  forms,  with  greater  mutual  infertility 
and  with  increased  adaptation  to  the  environment,  enabling 
them  to  prevail  throughout  the  whole  area.  The  process  here 
described,  if  it  takes  place,  is  not  modification  by  natural 
selection.  The  natural  selection  of  which  he  speaks  does  not 
arise  till,  with  each  advancing  step,  a  new  and  complicated 
adjustment  (which  introduces  the  two  new  forms,  each  with 
unabated  fertility  with  its  own  kind  but  with  diminished  fer- 
tility with  the  other  kind)  has  been  attained  by  some  other 
process.  That  other  process  is  the  one  described  in  the  pas- 
sage I  have  already  quoted  from  pp.  184-5,  where,  according 
to  my  apprehension,  the  cause  of  divergence  is  more  correctly 
stated  than  it  is  in  the  passage  now  under  consideration.  In 
the  latter  part  of  my  paper  on  Divergent  Evolution  through 
Cumulative  Segregation  1  have  shown  that  the  difEerent  kinds 
of  incompatibility,  preventing  complete  fertility  between  incip- 
ient species  (and  there  called  forms  of  Negative  Segregation), 
cannot  arise  except  as  accompaniments  of  Positive  Segregation 
in  some  form  ;  but  that,  having  once  arisen  in  connection  with 
partial  Positive  Segregation,  they  increase  from  generation  to 
generation  by  a  law  that  is  quite  distinct  from  natural  selection. 
It  was  also  shown  that  endowments  only  partially  segregative  (as, 
for  example,  somewhat  divergent  habits  of  feeding),  when  not 
concurrent  with  any  forms  of  cross  incompatibility,  are  liable  to 
be  obliterated  by  crossing ;  but,  when  associated  with  segregate 
fertility  and  cross  infertility,  will  increase  from  generation  to 
generation,  even  if  the  mongrels  are  as  well  adapted  to  the 
environment  as  the  pure  forms.  I  at  the  same  time  called 
attention  to  the  fact  that,  when  associated  with  some  form  of 
partial  positive  segregation  (as  divergent  habits  of  feeding,  or 
B^regative  sexual  and  social  instincts),  greater  vigor,  of  pure 
forms,  as  contrasted  with  the  mongrels,  would  have  the  same 
effect  as  their  greater  fertility.  In  other  words.  Segregate 
Vigor  would  preserve  a  partially  segregated  variety  as  effectual 
as  Segregate  Fecundity. 
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Incompatibilities  will   disappear   unless  preserved  by  Positive 

Segregation, 

Mr.  Wallace  has  given  a  very  instructive  computation  on 
pages  181-4 ;  but  it  does  not  seem  to  me  to  prove,  as  ne  supposes, 
that  infertility  between  the  individuals  of  a  species  cannot 
increase  "unless  correlated  with  some  useful  variation,"  but 
that  it  cannot  arise,  except  as  a  transitory  variation,  unless 
associated  with  some  positively  segregative  principle,  causing 
those  to  pair  together  which  are  fertile  with  each  other.  My 
contention  is  that,  without  some  positive  form  of  segregation 
fecundity  and  cross  sterility  can  never  arise ;  and  that  after  it 
has  arisen  under  segregation,  no  amount  of  correlation  with 
useful  variation  will  preserve  it,  if  the  positive  segregation  is 
removed.  If,  for  example,  all  the  species  of  humming  birds 
were  brought  together  m  one  country,  and  were  deprived  of 
all  segregative  habits  and  instincts,  it  certainly  would  not 
require  many  generations  to  reduce  them  to  one  species.  If 
equally  adapted  to  the  environment,  the  species  tnat  would 
succeed  in  perpetuating  itself  would  be  the  one  represented 
by  the  large43t  number  of  individuals;  or  if  several  species 
were  entirely  cross  fertile  and  were  in  the  aggregate  represented 
by  a  larger  number  of  individuals  than  any  other  similar  group 
oi  species  or  than  any  single  species,  then,  the  resulting  species 
would  be  the  hybrid  descendants  of  this  most  numerous  group. 
All  the  other  species  would  become  extinct  through  failing  to 
mate  with  "  physiological  complements." 

Why  any  need  of  distinctive  Recognition  Marks  for  those  whose 

Ancestors  had  but  one  set  of  Marks, 

An  example  of  one  of  the  effects  of  divergence  being 
treated  as  if  it  were  the  primary  cause  of  divergence  is  found 
on  pages  217-228  and  284,  where  the  need  of  distinctive 
characters  for  easy  recognition  is  given  as  the  chief  cause  of 
divergence  in  calls,  odors,  and  colors.  The  importance  of 
distinctive  characters  by  which  the  members  of  a  species  may 
distinguish  their  mates  from  those  of  other  species  cannot  be 
exaggerated ;  but  how  does  it  happen  that  the  descendants  of 
one  stock  which  had  originally  but  one  set  of  such  characters, 
have  become  segregated  into  groups,  needing  distinctive  marks. 
By  confounding  the  problem  of  successive,  monotypic  adapta- 
tion with  that  of  coexistent,  polytypic  adaptation  the  real 
causes  of  divergence  have  been  obscured  and  misapprehended. 
The  diversity  of  Sexual  and  Social  Selection,  which  Mr. 
Wallace  in  these  passages  speaks  of  as  natural  selection,  is  due 
to  diversity  of  sexual  and  social  instincts  which  in  their  turn 
have  been  produced  by  different  forms  of  segregation.     For  a 
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fuller  exposition  of  this  subject  I  would  refer  to  ray  paper  on 
"  Divergent  Evolution  through  Cumulative  Segregation  '* 
(Linn.  Soc.  Jour.  Zoology,  vol.  xx,  pp.  234-8).  The  principles 
which  I  have  called  Sexual  and  Social  Segregation,  Mr.  W  al- 
lace  has  mentioned  in  several  places  under  the  name  ^^  selective 
association,"  or  "  selective  isolation,"  but  he  does  not  recognize 
the  fact  that,  whenever  this  principle  segregates  forms  whose 
immediate  ancestors  were  not  segregated,  it  must  be  the  direct 
cause  of  divergence ;  and  that,  when  divergent  forms  that 
have  arisen  under  Industrial  and  Local  Segregation  are  brought 
together  through  increase  of  numbers,  this  principle  is  often 
the  one  cause  preserving  varieties  that  would  otherwise  be  ob- 
literated. With  plants  whose  pollen  is  distributed  by  the  wind, 
and  probably  with  both  vegetable  and  animal  forms  whose 
fertilizing  elements  are  distributed  by  water,  Prepotential 
Segregation  plays  the  same  role  as  the  segregative  instincts  of 
higher  animals.  As  this  principle  depends  on  the  greater 
rapidity  with  which  the  male  and  female  elements  of  the  same 
variety  or  species  combine,  as  contrasted  with  the  elements  of 
difierent  varieties  and  species,  we  n^ight  call  it  isolation  through 
selective  impregnation,  just  as  Mr.  W  allace  has  called  the  in- 
stinctive segregation,  "  isolation  through  selective  association." 
Whatever  names  we  give  these  two  principles,  they  must  be 
important  factors  in  divergent  evolution. 

Segregation  produces  Domestic  Hacea,  why  not  Species  ? 

Mr.  Wallace  seems  to  be  opposed  to  the  idea  that  some  form, 
of  isolation  is  essential  to  divergence ;  but  in  his  argument  he 
yields  so  much  that  I  cannot  but  think  his  opposition  is  largely 
due  to  his  misinterpreting  the  theory.  Mr.  Romanes  has  men- 
tioned eight  or  ten  forms  of  isolation ;  and  Mr.  Wallace  says 
1  have  discussed  thirty-eight  forms;  but  neither  of  us  claim 
that  these  are  the  only  possible  forms ;  nor  do  we  claim  that 
any  form  of  this  principle  is  essential  to  the  transformation  of 
one  species  into  another  when  the  original  one  disappears  in 
the  process.  The  phrase  "  new  species "  as  used  by  Mr. 
Wallace  in  the  following  passage  is  ambiguous ;  but  the  second 
sentence  seems  to  indicate  that  he  is  here  discussing  diver- 
gence as  well  as  simple  transformation.  He  says:  "Most 
writers  consider  the  isolation  of  a  portion  of  a  species  a  very 
important  factor  in  the  formation  oi  new  species,  while  others 
maintain  it  to  be  absolutely  essential.  This  latter  view  has 
arisen  from  an  exaggerated  opinion  as  to  the  power  of  inter- 
crossing to  keep  down  any  variety  or  incipient  species  and 
merge  it  in  the  parent  stock.  But  it  is  evident  that  this  can 
only   occur  with  varieties  that  are  not  useful,  or  which,  if 
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nsefnl,  occur  in  very  small  numbers."  ...  (p.  144).  Near 
the  end  of  the  same  chapter,  after  presenting  arguments  in 
favor  of  this  position,  and  after  reviewing  some  of  the  facts 
which  I  have  presented  concerning  the  divergences  of  Sand- 
wich Island  land  molluscs,  he  remarks — ""We  have,  however, 
seen  reason  to  believe  that  geographical  or  local  isolation  is  by 
no  means  essential  to  the  differentiation  of  species,  because  the 
same  result  is  brought  about  by  the  incipient  species  acquiring 
different  habits  or  frequently  a  different  station ;  and  also  by 
the  fact  that  different  varieties  of  the  same  species  are  known 
to  prefer  to  pair  with  their  like  and  thus  to  bring  about  a 

hysiological  isolation  of  the  most  effective  kind"  (p.   150). 

Ixcept  that  he  has  used  '^  physiological  isolation "  where  I 
should  have  used  psychological  segregation,  this  last  passage 
is  as  completely  in  accord  with  what  i  have  presented  in  my 

Eaper  on  **  Divergent  EvoUition  "  as  it  could  have  been  if  he 
ad  copied  my  statements.  But  how  is  this  passage,  and  one 
of  similar  import  on  page  185,  to  be  reconciled  with  his  own 
statement  just  quoted  from  page  144.  On  pages  217,  218  and 
226,  he  bases  his  argument  for  the  importance  of  different 
coloration  in  closely  allied  species  on  the  obvious  necessity  for 
means  "  to  secure  the  pairing  together  of  individuals  of  the 
same  species,"  if  a  new  species  is  to  be  kept  "  separate  from  its 
nearest  allies."  He  here  assumes  the  fundamental  fact  on 
which  the  theory  of  segregation  rests.  All  that  is  wanting  is 
its  recognition  as  a  universal  principle  on  which  all  permanent 
divergences,  whether  varietal  or  specific  necessarily  depend. 
In  the  formation  of  domestic  variations  it  is  fullv  recognized ; 
for  he  says,  "  It  is  only  by  isolation  and  pure  breeding  that 
any  specially  desired  qualities  can  be  increased  by  selection" 
(p.  99).  If  experimental  biology  shows  this  to  be  a  constant 
law,  is  there  any  good  reason  for  not  applying  it  in  the  general 
theory  of  organic  evolution  ?  Seeing  it  is  admitted  that  arti- 
ficial selection,  unaided  by  isolation,  is  of  no  avail  in  produc- 
ing divergent  races,  how  can  it  be  claimed  that  natural  selection, 
unaided  by  isolation,  is  of  any  avail  in  producing  varieties  and 
species.  Again,  as  in  domestication,  the  segregate  breeding  of 
other  than  average  forms  always  produces  divergence,  have  we 
any  reason  to  doubt  that,  when  the  same  process  takes  place  in 
the  grouping  of  organisms  in  a  natural  state,  the  result  will  also 
be  divergence  ? 

The  discrepancies  to  which  I  have  referred  are  it  seems  to  me 
due  to  deficiencies  in  the  theory  which  Mr.  Wallace  maintains 
in  common  with  many  others.  These  problems  that  drive  the 
exclusive  utilitarian  into  various  inconsistencies,  can,  I  am  con- 
vinced, be  consistently  explained  by  the  theory  of  Divergence 
through  Segregation. 

26  CoDcessioD,  Osaka,  Japan. 
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Art.  II. — The  Southern  Eoctension  of  the  Appomattox  Forma- 
tion ;*  by  W  J  McGee. 

Contents:  Introduction,  p.  16 — Greneral  Characters  and  Relations,  p.  19 — Geo- 
graphic Distributionf  p.  28 — Hypsographic  Distribution,  p.  30 — Stratigraphic 
Relations,  p.  31 — Taxonomy,  p.  33— S)urce8  of  Materials,  p.  34 — Interpretation, 
p.  35. 

Intboduction. 

In  a  paper  entitled  "Three  Formations  of  the  Middle 
Atlantic  Slope,"  published  in  the  American  Journal  of  Science 
early  in  18b8,t  a  distinctive  late  Tertiary  formation,  well 
displayed  on  the  Appomattox  river  in  eastern  Virginia,  was 
defined  and  named  after  that  river ;  and  its  principal  charac- 
ters, its  distribution,  its  stratigraphic  relations,  and  its  probable 
age  were  briefly  recorded.  The  formation  was  then  known  to 
consist  of  a  series  of  predominantly  orange-colored,  nonfossil- 
iferous  sands  and  clays,  resting  unconforraably  upon  Miocene 
and  older  formations,  and  unconformably  overlain  by  the 
Columbia  formation;  it  was  known  to  expand  southward, 
from  a  thin  and  discontinuous  bed  exposed  in  a  narrow  belt  on 
the  Rappahannock  river,  so  rapidly  as  to  form  a  terrane  many 
miles  in  width  on  the  Roanoke  ;  and  it  was  inferred  to  repre- 
sent at  least  a  part  of  the  Orange  Sand  of  Hilgard  and  other 
southern  geologists. 

The  several  lines  of  research  concerning  the  phenomena  of 
the  Middle  Atlantic  slope  recorded  in  this  paper  have  recently 
been  extended  southward  into  the  Carolinas,  Georgia,  Ala- 
bama, and  Mississippi ;  and  some  of  the  results  of  the  work 
are  deemed  worthy  of  publication. 

The  Coastal  Plain  commencing  in  the  Middle  Atlantic  slope 
at  Sandy  Hook  extends  southwestward  to  the  southeastern 
angle  of  the  continent  forming  Florida,  and  thence  westward 
and  southwestward  to  the  boundary  of  the  national  domain  on 
the  Rio  Grande.  Throughout  the  sweep  of  nearly  two 
thousand  miles  from  the  mouth  of  the  Hudson  to  the  lower 
Mississippi,  the  geographic  division  so  trenchantly  defined  in 
the  Middle  Atlantic  slope  is  well  marked,  although  its  inner 
boundary  is  less  conspicuous  in  the  south  than  in  the  north ; 
for  in  the  Southern  Atlantic  and  Eastern  Gulf  slopes  it  is 
commonly  crossed  at  right  angles  by  the  rivers  (the  Alabama 
alone  marking  it  for  a  considerable  distance),  while  in  the 
Middle  Atlantic  slope  the  principal  waterways  depart  from 
their  normal  direction  to  follow  its  course,  and  thus  give  origin 
to  one  of  the  most  strongly  marked  physiographic  features  of 

♦Read  before  the  Geological  Society  of  America,  Dec.  27,  1889. 
t  Third  Series,  vol.  ray,  pp.  120-143,  328-330,  367-388,  448-468. 
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the  globe.     Yet  in  the  south  as  in  the  north  the  boundary  is 
the  most  important  structural  line  of  eastern  United  States: 
it  marks  the  function  of  the  unconsolidated  and   practically 
undisturbed  Ifeozoic  elastics  on  the  seaward  side,  at  first  with 
the  greatly  disturbed   crystallines,  and  then  with  the  corru- 
gateo,  folded,  and  everywhere  completely  lithified  Paleozoic 
strata  of  the  southern  Appalachians;  on   reaching  it  every 
stream,  great  and  small,  is  broken  by  a  rocky  rapid,  a  great 
fall,  or  a  cascade,  and  these  lines  of  rapids,  falls,  and  cascades 
extend  from  the  Koanoke  almost  to  the  Mississippi.     And  in 
the   Southern   Atlantic  and  Eastern   Gulf  slopes,  as  in  the 
Middle  Atlantic  zone,  the  boundary  is  an  important  cnltaral 
line :  Most  of  the  leading  southern  cities  are  built  at  the  falls 
of  the  rivers,  and  their  industries  are  determined  by  the  water- 
power  which   the   rivers  afford ;    the   rivers  are  commonly 
navigable  below    and   unnavigable  above  the  falls,  and   the 
original  means  of  traffic  were  thus  diverse,  and  this  diversity 
persists  in  some  measure  to-day ;  while  the  soils  on  opposite 
sides  of  the  boundary  are  essentially  distinct,  and  so  the  in- 
dustries growing  out  of  the  soil  and  its  products  are  commonly 
sharply    contrasted.       Among    the    southern    cities    located 
on   the  fall-line   are   Columbia,  Augusta,  Macon,  Columbus, 
Montgomery  and  Tuscaloosa.     The  Coastal  Plain  lying  between 
this  great  stnictural,  physiographic,  and  cultural  boundary  of 
Nature's    drawing  and   the  still   more    trenchant    boundary 
marked  by  the  shores  of  the'  Atlantic  and  Gulf,  is  a  lowland 
zone,  concentric  with  the  continent  save  as  expanded  by  the 
Floridian  peninsula,  and  scored  radially  by  drainage  lines,  of 
which  many  expose  its  structure. 

This  is  the  area  in  which  the  Appomattox  formation  is 
found ;  and  throughout  the  greater  part  of  this  area,  the 
formation  is  well  developed  and  wonderfully  presistent  in 
composition,  structure,  and  stratigraphic  relations. 

In  order  to  set  forth  clearly  the  phenomena  of  the  Appo- 
mattox formation  in  its  southern  extension,  it  is  necessary  to 
note  briefly  the  characteristics  in  the  southern  states  of  the 
two'  great  data- formations  representing  the  beginning  and  the 
ending  of  Neozoic  time  in  the  Middle  Atlantic  slope — the 
Potomac  and  the  Columbia. 

About  its  type  locality  (the  District  of  Columbia),  the 
Columbia  formation  exhibits  two  phases,  i.  e.,  a  fluvial  phane^ 
consisting  of  brick-clay  or  loam  graduating  downward  into  a 

fjravel  or  bowlder  bed ;  and  an  interfluvud  phdse^  consisting 
argely  of  debris  derived  from  the  immediately  subjacent 
formations,  rearranged,  intermixed  with  a  variable  element  of 
far  traveled   material  brought  down  by   the  rivers,   and  re-- 
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deposited  in  a  sheet  of  variable  thickness,  ranging  from  a 
trifling  veneer  near  the  fall-line  and  at  high  levels  to  a  con- 
siderable bed  of  stratified  deposits  toward  the  coast.  In  the 
Southern  Atlantic  and  Eastern  Gulf  slopes,  the  formation  in 
like  manner  consists  commonly  of  two  principal  phases  and 
several  local  varieties ;  yet  all  are  connected  by  stratigraphic 
continuity :  In  North  Carolina  the  relations  displayed  in  the 
District  of  Columbia  are  maintained,  save  that  the  interfluvial 
phase  becomes  progressively  more  and  more  sandy  in  crossing 
the  state  from  north  to  south,  and  finally  passes  into  the 
essentially  continuous  veneer  of  sandy  loam  or  fine  sand  com- 
pletely covering  the  seaward  portion  of  the  Coastal  Plain  from 
the  Neuse  river  to  Mobile  bay ;  in  South  Carolina  the  fiuvial 
phase  becomes  transformed  into  a  sandy  or  silty  loam  flanking 
the  rivers  in  low  terraces  locally  known  as  "  second  bottoms," 
while  the  interfluvial  phase  is  represented  by  the  wide-spread 
mantle  of  pine-clad  sands  stretching  scores  of  miles  inland 
from  the  coast — though  the  fluvial  phase  is  sometimes  re- 
moved and  the  interfluvial  phase  is  more  profoundly  eroded 
than  in  either  higher  or  lower  latitudes ;  in  Georgia  the  two 
phases  of  the  formation  are  similar  to  those  displayed  in 
South  Carolina  save  that  both  have  suffered  less  from  erosion ; 
in  central  Alabama  the  fluvial  phase  is  represented  upon  the 
principal  rivers  by  extensive  "second  bottom"  loam  (which  is, 
an  the  Chattahoochee,  indistinguishable  from  the  Columbia 
loam  either  in  hand  specimens  or  in  hillsides),  while  in  southern 
Alabama  the  loam  becomes  sandy  and  expands  into  a  super- 
ficial mantle  of  pine-clad  sands  entering  the  state  from 
Georgia  in  a  hunared-mile  zone  which  narrows  to  a  twenty- 
mile  belt  west  of  Mobile  bay ;  in  northeastern  Mississippi  the 
fluvial  deposits  are  similar  to  those  of  northern  Alabama,  and 
to  the  southward  they  pass  into  the  low-lying  sand-plain  en- 
tering the  State  from  the  east ;  but  toward  the  moutn  of  the 
Mississippi  the  sand-flats  narrow,  and  the  sands  pass  into  a 
aeries  of  silts  and  clays  with  interqalated  sand-beds  which  are, 
according  to  Johnson,*  stratigrapliically  continuous  with,  and 

♦The  correlation  of  the  Port  Hudson  with  the  Columbia  represents  the  only 
Uok  in  the  series  which  was  not  estabhsbed  by  personally  tracing  stratigraphic 
continuity  from  section  to  section  and  from  phase  to  phase  on  the  ground.     It  is 
JQSt  to  say  that  the  coast  sands  and  subjacent  clay  beds  of  southeastern  Missis- 
appi^  the  Port  Hudson,  and  the  loess  with  its  basal  gravel  bed,  were  independ- 
ently and  antecedently  correlated  by  Mr.   Lawrence  C.  Johnson  of  Mississippi, 
And  that  the  well  defined  Columbia  deposits  of  the  Roanoke  river  have  been 
stratigraphically  connected  with  the  coast  sands  and  "  second  bottom  "  deposits 
<>f  North  Carolina  by  Prof.  Joseph  A.  Holmes  of  the  University  of  North  Caro- 
lina, both  of  whom  are  engaged  in  geologic  investigations  of  the  Coastal  Plain 
tmder  the  auspices  of  the  U.  S.  Geological  Survey  and  the  direction  of  the  au- 
t}ior;  and  it  is  a  source  of  gratification  to  be  able  to  state  that  the  observations 
*nd  inferences  of  these  geologists  are  in  all  respects  corroborative  of  the  work 
forded  herein. 

Am,  Jour.  Sci. — TmaD  Series,  Vol.  XL,  No.  235. — July,  1890. 
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but  another  phase  of,  the  Port  Hudson  of  Hilgard ;  while  in 
western  Mississippi  the  fluvial  phase  of  the  Columbia  passes 
into  and  is  finally  replaced  by  the  vast  body  of  loess  with  sub- 
jacent gravel  beds  flanking  the  Mississippi  river.  These 
various  deposits  are  stratigraphically  continuous,  and  form  a 
single  and  indivisible  genetic  unit;  they  were  evidently  laid 
down  during  a  single  submergence  of  the  southeastern  coast,, 
extending  from  the  terminal  moraine  at  the  mouth  of  the 
Hudson  to  and  beyond  the  Mississippi  river;  and  the  local 
variations  in  composition  and  structure  are  evidently  due  to 
simple  and  easily  ascertained  local  conditions. 

The  Columbia  formation  represents  the  flrst  great  episode 
of  cold  in  the  Pleistocene ;  and  by  reason  of  the  recent  work 
on  its  southern  extension,  it  is  now  possible  to  map  with 
approximate  accuracy  the  geography  of  the  southeastern  part 
of  the  continent  during  that  episode. 

In  its  type  locality  the  Potomac  formation  is  a  brackish  water 
littoral  deposit  made  up  of  gravel  and  cobble-stones  of  quartz  and 
quartzite  (derived  respectively  from  the  Blue  Ridge  and  from  the 
veins  intersecting  the  Piedmont  gneisses),  arkose  (derived  imme- 
diately from  the  Piedmont  schists  and  granites),  sand,  derived 
from  all  these  sources,  and  a  considerable  element  of  clay ;  and  its 
age  is  probably  early  Cretaceous  or  late  Jurassic — the  abundant 
plant  remains  indicating  the  former  period,  and  the  less  abundant 
vertebrate  remains  denoting  the  latter.  South  of  the  Appo- 
mattox river  the  continuity  of  the  terrane  is  broken  by  erosion^ 
and  its  surface  is  sometimes  concealed  by  newer  deposits ;  but 
exposures  are  sufficiently  frequent  to  warrant  the  conclusion 
that  the  Potomac  formation  is  stratigraphically  continuous  with 
the  beds  of  gravel,  arkose,  sand,  and  clay  exposed  at  many 
points  in  the  Carolinas  and  still  better  displayed  at  Augusta, 
Macon,  Columbus,  and  other  points  in  Georgia,  and  so  with 
the  body  of  like  materials  stretching  from  the  Chattahoochee 
to  the  Tombigbee  in  Alabama — the  Tuscaloosa  formation  of 
Smith  and  Johnson.* 

The  Potomac  formation  is  now  connected,  by  actual  observa- 
tion of  stratigraphic  continuity  between  its  most  widely  diverse 
phases,  and  by  identification  at  many  intermediate  points,  from 
its  type  locality  on  the  Potomac  to  and  beyond  the  Tuscaloosa 
(Warrior).  It  is  indeed  variable  in  structure  and  materials  in 
different  parts  of  its  extent;  but  the  several  variations  are 
easily  traceable  to  local  conditions  of  genesis.  Viewed  in  the 
large  way,  it  is  a  single  and  indivisible  genetic  unit,  represent- 
ing the  first  episode  in  the  development  of  the  Coastal  Plain 
of  the  Atlantic  and  the  Gulf  with  its  submarine  extension — 
the  first  episode  in  continental  growth  after  the  later  throes  of 

»  Bulletin  U.  S.  Geol.  Survey,  No.  43,  1887,  p.  105. 
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Appalachian  deformation;  it  tells  of  profound  depression, 
pronounced  seaward  tilting,  and  prolonged  submergence  of  the 
young  continent,  whereby  preexistent  physiography  was  greatly 
modined,  the  cis-Mississippi  land  shrinking  to  half  its  area  with 
such  attendant  climatal  changes  that  the  fauna  of  land  and  sea 
was  changed  and  the  land  flora  revolutionized  more  completely 
than  in  any  other  eon  of  the  earth's  history ;  yet  the  record  of 
the  formation  is  so  readily  susceptible  of  interpretation  that, 
despite  the  remoteness  of  the  penod,  and  despite  the  obscurity 
of  later  records,  it  is  already  possible  to  map  with  approximate 
accuracy  the  geography  of  the  Potomac  epoch.  So  the  forma- 
tion is  a  structural  and  chronologic  unit  from  which  the  strati- 
graphy and  the  geological  history  of  the  Coastal  Plain  may  be 
reckoned. 

General  Cuabactebs  and  Relations. 

As  exposed  north  of  Roanoke  river,  the  Appomattox  forma- 
tion consists  of  moderately  regularly  stratified  sand  or  clay, 
with   occasional   intercalations  of   fine   gravel,   commonly   of 

fronounced  orange  hue,  and  without  fossils  so  far  as  known, 
'arther  southward  these  characters  are  generally  maintained ; 
but  local  variations  appear  from  place  to  place,  and  certain 
other  moderately  constant  features  are  displayed. 
.  In  eastern-central  North  Carolina  the  formation  is  notably 
variable  and  heterogeneous  'Over  the  thinly  covered  eastern 
extension  of  the  Piedmont  crystallines  now  culminating  in  the 
continental  projection  of  Cape  Hatteras,  (which  has  been  during 
past  ages  an  even  more  conspicuous  geographic  feature  than 
to-day);  and  its  features  are  evidently  connected  with  the 
proximity  of  the  crystalline  strata.  Thus,  at  Wilson  there  is 
the  usual  partition  into  several  regular  and  rather  heavy  (2  to 
5  feet)  strata,  the  usual  orange  hue,  and  the  usual  distribution 
of  quartzite  and  quartz  pebbles  either  throughout  the  several 
strata  or  in  bands  or  pockets;  but  the  lowermost  stratum 
exposed  in  the  northern  part  of  town  is  largely  composed  of 
arkose,  slightly  rearranged  and  sparsely  intermixed  with  fine 
quartz  pebbles ;  and  there  is  some  admixture  of  arkose  in  the 
superior  layers.  Then,  half  a  mile  south  of  Wilson,  a  nine-foot 
railway  cutting  displays  the  usual  heavy  and  moderately  regular 
bedding,  and  the  usual  hues  both  in  weathered  and  un weathered 
strata ;  while  the  lowest  exposed  bed  (4  or  5  feet  thick)  is  made 
up  of  inter-laminated  gray  or  white  clay  and  orange  or  reddish 
loam,  the  clay  being  fine  and  plastic,  the  loam  rather  sandy  and 
massive  within  each  lamina,  and  the  laminae  sensibly  horizontal 
and  ranging  from  an  eighth  of  an  inch  to  half  an  inch  thick  for 
the  clay,  and  quarter  of  an  inch  to  an  inch  or  more  for  the  loam. 
Both  of  these  exceptional  aspects  of  the  formation  are  exhibited 
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in  various  exposures  in  this  region;  both  resemble  in  some 
measure  characteristic  aspects  of  the  Potomac  formation  seen 
in  eastern  Virginia ;  and  it  is  significant  that  the  Potomac  is 
not  found  here  (probably  by  reason  of  removal  through  degra- 
dation), that  crystalline  rocks  approach  and  in  the  immediate 
vicinity  reach  the  surface,  and  so  that  the  Appomattox  probably 
rests  immediately  upon  the  eastward  extension  of  the  ancient 
Piedmont  crystallines. 

Nearer  the  coast  the  formation  is  frequently  exposed  in  rail- 
way cuttings  and  displays  the  features  characteristic  of  the 
contemporaneous  deposits  north  of  the  Roanoke,  save  that  the 
orange  tints  are  less  pronounced  and  mixed  with  browns  and 
grays  in  some  strata,  that  the  bedding  is  thinner  and  more 
pronounced,  and  that  pebbles  are  small  and  rare.  It  is  signifi- 
cant that  the  aspect  of  the  formation  here  approaches  that  dis- 
played by  the  phosphate-bearing  Pliocene  beds  of  the  South 
Carolina  coast. 

Another  distinctive  but  hardly  distinct  aspect  of  the  forma- 
tion is  extensively  displayed  in  central  South  Carolina,  notably 
about  Columbia.  Here  the  usual  moderately  regular  and 
rather  heavy  but  always  inconspicuous  bedding  of  tne  forma- 
tion is  displayed ;  but  the  prevailing  colors  are  richer  and 
darker  than  in  other  parts  oi  the  terrane,  commonly  ranging 
from  orange  red  to  chocolate  brown.  Moreover  certain  oi  the 
strata  exhibit  a  peculiar  mottling  (which  is  better  displayed 
farther  southward^ ;  certain  other  strata  exhibit  a  distinctive 
cross  stratification  defined  by  gray  or  white  plastic  clay  in  laminsd, 
irregular  sheets,  and  lines  of  pellets;  the  various  strata  are 
more  uniform  in  composition  than  in  the  north,  consisting 
rather  of  loam  than  of  sand  and  clav  in  alternating  beds ;  and 
the  deposit  as  a  whole  takes  on  a  solid,  massive,  and  rock-like 
appearance,  and  gives  origin  to  a  distinctive  topography.  So 
conspicuously  diverse  in  color,  texture,  and  habit  of  erosion  are 
the  prevailing  formations  of  central  South  Carolina  that  over 
thousands  of  square  miles  the  surface  is  popularly  divided  into 
"red  hills"  and  "sand  hills" — the  former  representing  the 
Appomattox,  and  the  latter  the  southern  interfluvial  phase  of 
the  Columbia  formation.  The  distribution  of  pebbles  in  this 
vicinity  is  especially  interesting:  Northeast  of  the  Congaree 
river  on  the  line  of  the  Richmond  and  Danville  railway,  peb- 
bles are  rare  to  within  two  miles  of  the  present  waterway; 
there  they  suddenly  increase  in  abundance,  and  in  some  sections 
within  a  mile  from  the  river  form  a  considerable  and  some- 
times the  principal  part  of  the  deposit;  while  south  of  the 
river  they  quickly  become  rare,  being  abundant  only  within 
a  mile  or  less  of  the  river  blufEs.  The  pebbles  are  predomi- 
nantly of  quartz  though  partly  of  quartzite,  and  comprise  a 
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few  mieissoid  fraefinents.  They  range  in  size  from  two  and  a 
half  inches  downward.  Commonly  they  are  accumulated  in 
lines  or  pockets,  sometimes  at  the  base  of  the  formation ;  bnt 
a  few  also  occur  disseminated  throughout  the  ill-defined  strata. 

About  the  fall-line  on  the  Santee  river  system,  the  Appomat- 
tox loam  is  in  part  overlain  unconformably  by  the  Columbia 
formation,  though  it  has  been  severely  degraded ;  and  in  an 
admirable  section  on  the  Richmond  and  Danville  railway 
immediately  east  of  the  State  House,  where  both  upper  and 
lower  contacts  are  displayed^  the  Appomattox  rests  unconform- 
ably on  the  Potomac.  Further  np-nver  the  Appomattox  rests 
directly  upon  the  Piedmont  crystallines  which  iiere  give  origin 
to  resiiduary  products  of  dark  red  and  brown  color ;  and  so  the 
origin  of  the  exceptionally  rich  hues  of  the  formation  in  this 
region  are  not  difficult  to  trace. 

18  is  in  Georgia  that  the  formation  appears  to  be  best 
developed  :  About  the  fall-line  it  stretches  from  the  Savannah 
to  the  Chattahoochee  in  practically  unbroken  continuity;  at 
many  points  it  overlaps  lar  upon  the  Piedmont  crystallines; 
on  tne  seaward  side  of  the  fall-line  it  is  unquestionably  over- 
lapped in  turn  by  the  pine  clad  sands  of  the  Columbia  forma- 
tion over  many  thousand  square  miles;  it  evidently  reaches  a 
considerable  thickness — perhaps  100  feet  or  more;  and  its 
varions  features  are  in  part  intermediate  between  and  in  part 
common  with  those  displayed  by  the  formation  in  the  Atlantic 
and  Gulf  slopes  respectively.  Moreover  it  exhibits  in  this 
region  certain  significant  features  Yiot  known  elsewhere. 

About  Augusta,  the  exposures  resemble  those  of  the  Conga- 
ree,  save  that  the  exceptionally  rich  hues  have  faded  to  the  usual 
orange  and  orange-red ;  while  the  cross-stratification  marked  by 
lines  of  clay  has  become  more,  and  the  horizontal  bedding  even 
less,  conspicuous.  There  is  an  excellent  exposure  of  the 
gravelly  loam  of  the  formation  at  Green's  Cut,  south  of  Augusta, 
on  the  Georgia  Central  railroad.  It  is  made  up  at  this  point  of 
moderately  homogeneous  loam  with  little  indication  of  bedding 
save  that  the  abundant  pebbles  are  commonly  arranged  in  lines 
or  accumulated  in  pockets,  though  sometimes  disseminated. 
Twenty  miles  farther  southward,  near  Munnerlyn,  there  is  an 
exposure  of  25  feet  in  which  the  loam  is  not  only  definitely 
beaded  but  divided  by  intercalated  layers  of  sand  and  silt, 
giving  an  appearance  of  regular  and  distinct  stratification ; 
pebbles  being  small  and  rare,  while  the  characteristic  orange 
tints  run  into  dull  browns  and  grays.  There  is  a  similar  expo- 
sure at  Sun  Hill,  sixty  miles  east  of  Macon,  in  which  the  strata 
are  partially  lithified,  and  the  general  aspect  approaches  that 
of  tne  regularly  stratified  Tertiary  deposits  of  greater  antiquity 
found  farther  seaward. 
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At  Macon  the  formation  finds  typical  development.  Above 
the  reach  of  modem  alluvium,  and  above  the  vaguely  defined 
and  poorly  exposed  "  second  bottoms  "  it  forms  the  prevailing 
surface;  and  in  every  street  and  suburban  road,  in  every 
storm-carved  runnel  and  roadside  gulley,  and  in  every  cutting 
of  the  seven  railways  radiating  from  tne  city,  its  materials  are 
exposed;  and  the  landscapes  are  toned  by  its  pure  orange^ 
orange-yellow  and  orange-red  tints,  or  the  brick-reds  assumed 
on  oxidation.  Here  the  stratification  of  the  deposit  is  rather 
less  definite  and  reg^ular  than  usual,  and  in  some  limited  expo- 
sures it  is  apparently  massive.  Here,  too,  the  distinctive  cross- 
bedding  seen  frequently  in  the  south  is  characteristically  dis- 
played— some  beds  throughout  their  entire  thickness,  and 
nearly  all  beds  in  some  part  of  their  thickness  or  length  of 
exposure,  exhibit  a  rather  vague  cross-stratification  rendered 
conspicuous  under  certain  conditions  of  weathering  by  inte^ 
calated  laminae  and  lines  of  pellets  of  white  or  gray  plastic 
clay.  About  Macon,  too,  there  is  well  displayed  a  cna^acte^ 
istic  habit  of  erosion  and  weathering  which  is  common 
throughout  the  south  and  occasionally  seen  in  the  north ;  i.  e., 
the  exposed  and  long  weathered  surface  of  the  deposit  takes  on 
a  more  massive  aspect  than  that  of  the  fresh  cutting,  the 
structure  lines  fade,  the  rain -cut  gullies  afe  transformed  into  deep 
and  smooth  sided  amphitheatres  separated  by  broad,  even-faced 
buttresses:  the  whole  forming  soft  contours.  At  the  same 
time  the  exterior  portion  of  the  deposit  undergoes  a  slight 
cementation,  and  the  surface  takes  on  a  sort  of  dull  glaze. 
This  peculiarity  of  weathering  is  diflicult  to  intelligibly 
describe,  impossible  to  clearly  portray,  and  yet  so  characte^ 
istic  as  to  be  readily  recognizable  throughout  the  greater  part 
of  the  vast  field  occupied  by  the  formation.  About  Macon, 
as  in  other  exposures  near  the  fall-line  and  on  considerable 
rivers,  the  formation  abounds  in  small  pebbles,  arranged  in 
lines,  accumulated  in  pockets,  or  disseminated  throughout  the 
deposit.  On  the  Oconee  these  pebbles  are  chiefly  of  quartz 
with  many  of  quartzite,  and  are  commonly  well  rounded  or 
sub-angular ;  and  it  is  noteworthy  that  they  are  similar  in  size, 
material  and  degree  of  wear  to  those  found  in  the  subjacent 
Potomac  formation. 

At  Macon,  as  at  Columbia,  the  Appomattox  is  intercalated 
between  the  Columbia  and  Potomac  formations,  the  Piedmont 
crystallines  being  exposed  beneath  the  latter  in  the  vicinity. 
The  Columbia  is  represented  by  poorly  displayed  *' second 
bottoms"  and  by  the  sand  plains  into  which  the  lowlands 
merge  a  few  miles  southeast  of  the  city.  These  deposits  are 
strongly  unconformable  to  and  readily  distinguished  from  the 
distinctive  loams  of  the  Appomattox.     The  Potomac  consists 
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of  exceptionally  re^larly  stratified  clays  and  sands,  the  latter 
locally  containing  arkose  in  considerable  quantity,  with  well 
ronnded  pebbles  in  sheets  or  pockets  and  sometimes  scattered 
throughout  the  mass.  It  is  noteworthy  that  although  the 
Appomattox  and  the  Potomac  are  here,  as  elsewhere,  strikingly 
unconformable,  they  sometimes  merge  so  completely  that  no 
line  of  demarkation  can  be  drawn  with  precision.  This  is  fre- 
quently the  case  when  the  Potomac  consists  predominantly  of 
sand;  when  the  uppermost  stratum  consists  of  clay  the 
contact  is  usually  distinct  and  sometimes  quite  conspicuous.  In 
the  exposures  along  the  southwestern  extension  of  Fourth 
avenue  the  Appomattox  and  Potomac  commonly  blend;  in 
the  cutting  on  the  Georgia  Central  railway  at  the  crossing  of 
Oglethorpe  street,  the  formations  are  readily  distinguishable ; 
while  in  the  railway  cutting  four  blocks  farther  southward  the 
contact  is  distinct  in  one  part  of  the  section,  though  the 
deposits  appear  to  merge  in  another  part. 

The  finest  southern  exposures  of  the  three  formations  so 
conspicuous  and  significant  in  the  Middle  Atlantic  slope  are 
found  just  below  the  falls  of  the  Chattahoochee  in  the  villages 
of  Girard  and  Lively,  Alabama,  opposite  Columbus.  As  usual 
there  is  great  unconformity  between  the  ''second  bottom" 
loams  (by  which  the  Columbia  is  here  represented)  and  the 
Appomattox,  the  latter  having  been  completely  removed  from 
a  considerable  belt  flanking  the  river,  while  the  former  rests 
upon  the  gneiss  and  the  Potomac  arkose  throughout  a  large 
part  of  this  belt.  An  analogous  relation  holds  between  the 
Appomattox  and  the  Potomac— an  immense  volume  of  the 
latter  having  been  carried  away  before  the  former  was  laid 
down. 

The  characteristics  of  the  Appomattox  in  this  vicinity  are 
normal,  save  that  the  distinctive  cross-bedding  outlined  in 
laminse  of  clay  or  lines  of  pellets  of  the  same  material  is 
exceptionally  conspicuous,  that  the  pebbles  are  larger,  more 
abundant,  and  rather  less  worn  than  usual,  and  that  there  is  a 
notable  element  of  arkose  in  its  composition.  In  explanation 
of  these  slight  divergences  from  the  type  it  should  be  noted 
that  the  Potomac  in  this  locality  consists  in  exceptionally  large 
part  of  arkose  (great  beds  of  it  sometimes  being  scarcely  dis- 
tinguishable from  the  disintegrated  gneiss  magnificently  dis- 
played immediately  below  the  lower  dam),  that  certain  layers 
of  it  consist  of  exceptionally  pure  kaolin-like  clay,  and  that 
its  pebbles  are  larger  and  less  worn  than  those  found  upon 
smaller  rivers — or  in  short,  that  the  local  features  of  the 
Potomac  are  reflected  in  those  of  the  Appomattox.  Contacts 
between  the  Appomattox  and  the  Potomac  are  clearly  dis- 
played in  the  railway  cutting  in  Lively,  and  in  a  natural  gulley 
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half  a  mile  northwest  of  this  point;  in  the  former  exposure  the 
formations  are  distinct  throughout  the  greater  part  of  the 
exposure,  but  inseparable  with  anv  degree  of  accuracy  in 
another  part;  while  in  the  seconcl  exposure  the  regularly 
bedded  orange-brown  loams  of  the  Appomattox,  with  a  pebble 
bed  at  the  base,  are  conspicuously  demarked  from  the  crearoy- 
white,  cross-stratiiied  arkose  of  the  Potomac.  The  best  expo- 
sures  of  the  Appomattox  occur  in  the  scarp  of  a  fairly  well 
defined  terrace  about  a  hundred  feet  above  tne  low-water  level 
of  the  river  (below  the  falls)  in  the  village  of  Girard. 

Eminently  satisfactory  exposures  of  the  Appomattox  occur 
about  Montgomery  (particularly  in  cuttings  on  the  M.  &  K 
railway  in  the  southeastern  part  of  the  city),  where  it  reste 
unconformably  upon  the  Eutaw  sands,  the  junction  beio^ 
sometimes  markea  by  a  ferruginous  crust,  again  by  a  sheet  of 
pebbles,  and  elsewhere  by  a  decided  diflference  in  hue,  though 
it  is  sometimes  indistinct ;  but  the  characters  of  the  formation 
here  are  in  no  way  specially  noteworthy  save  that  the  pebbles 
contain  an   exceptionally  large  element  of   quartzite  or  semi- 

?[uartzitic  sandstone,  together  with  large  numbers  of  snbangular 
r^ments  of  chert  and  siliceous  dolomite. 

The  numerous  excellent  exposures  of  the  formation  about 
Tuscaloosa  are  noteworthy  in  tnat  they  form  a  definite  terrace, 
evidently  of  considerable  antiquity  though  probably  restored 
in  part  during  the  Columbia  epoch,  upon  which  the  city  a& 
well  as  the  State  University  and  Insane  Hospital  are  located. 
They  are  also  noteworthy  in  that  the  pebbles  comprise  cherts, 
siliceous  dolomites,  and  a  rather  unimportant  element  of 
quartzite,  but  no  true  crystallines.  The  pebbles  are  notably 
smaller  and  less  worn  than  in  the  more  easterly  and  northerly 
localities.  Here  as  elsewhere  about  the  fall-line  the  formation 
is  overlain  unconformably  by  the  Columbia,  and  in  turn  overlies 
with  still  greater  unconformity  the  Potomac — the  Tuscaloosa 
formation  of  Smith  and  Johnson  ;  yet  here  as  in  other  locali- 
ties these  formations  of  widely  diverse  age  sometimes  merge 
so  completely  that  no  sharp  line  of  demarkation  may  be  drawn 
between  them.  This  is  notably  the  case  in  the  railway  cutting 
at  Cottondale,  seven  miles  east  of  Tuscaloosa,  where  the  Poto- 
mac is  a  cross-stratified  gravel  with  a  matrix  of  sand,  and  the 
Appomattox  a  horizontally  bedded  mass  of  similar  gravel  in  a 
matrix  of  loam  ;  yet  usually  despite  this  discordant  bedding, 
the  materials  merge.  In  some  of  the  cuttings  on  the  A.  G.  b- 
railway  between  Cottondale  and  Tuscaloosa,  however,  the 
junction  is  marked  either  by  ferruginous  crusts  or  by  sheets  of 
pebbles  of  ferruginous  sandstone  evidently  derived  from  the 
older  formation. 

Farther  southward   the   formation    is   displayed  at   several 
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localities,  notably  at  Eutaw.  Here  it  diverges  from  the  usual 
character  in.  two  respects,  each  of  which  indicates  an  intimate 
relation  to  a  subjacent  and  much  older  formation  :  north  and 
east  of  Eutaw  the  deposit  is  exceptionally  sandy  and  friable 
and  the  bedding  is  frequently  obscure ;  and  in  numerous 
exposures  on  the  A.  G.  S.  railway  and  along  the  wagon  road 
between  Eutaw  and  the  Tuscaloosa  or  Warrior  river  it  may  be 
seen  to  merge  into  the  stratified  sands  of  the  Eutaw,  and  in 
general  to  tsie  on  the  features  of  that  Cretaceous  formation ; — 
m  short  it  is  as  evident  here  that  the  Appomattox  is  made  up 
in  part  of  the  immediately  subjacent  formation  as  it  is  in  the 
nnmerous  contacts  with  the  Potomac  (Tuscaloosa)  formation  at 
Lively,  Macon,  Columbia,  and  other  points  at  which  the  ma- 
terials obviously  intergraduate.  Southwest  of  Eutaw  a  change 
in  the  composition  and  general  behavior  of  the  deposit  quickly 
supervenes ;  only  scattered  ridges  and  irregular  patches  of  the 
formation  now  remain  overlying  the  peculiar  middle  Creta- 
ceous formation  which  Smith  and  Johnson  now  designate  the 
Tombigbee  chalk  (the  "  Rotten  Limestone  "  of  the  books) ;  in 
these  outliers  the  deposit  exhibits  the  usual  characteristic  features 
of  the  deposit ;  but  on  close  examination  the  sands  and  clays  of 
which  it  elsewhere  consists  are  found  to  be  intermixed  with 
calcareous  particles,  while  toward  the  surfaces  it  loses  the 
peculiar  massive  aspect  and  dull  glaze  so  commonly  character- 
istic of  the  formation,  and  commonly  breaks  down  into  sandy 
red  clays.  Over  the  Tombigbee  chalk  in  this  vicinity  the 
prevailing  colors  are  lighter  and  grayer,  and  over  the  Eutaw 
sands  darker  and  browner,  tlian  those  displayed  toward  the 
fall-line  or  generally  elsewhere. 

It  is  in  Alabama  that  the  Appomattox  formation  has  been 
found  nearest  the  coast :  between  St.  Elmo  and  Grand  Bay,  in 
the  extreme   southwestern  corner  of  the  state,  two   strongly 
contrasted  types  of  surface  appear.      The  first  comprises  the 
smooth,  sensibly  horizontal  pine-clad  sands  or  '*  pine  meadows  " 
of  the  coast;  and   the   second  consists  of  undulating  bosses, 
knolls,  and  plateaus  rising  above  and   evidently   protruding 
through  the  sand.     The  sand  plains  and  pine  meadows  repre- 
sent tne  local  phase  of  the  Columbia  formation ;  while  the 
protruding  knolls  and  plateaus  of  ancient  topography  consist 
of  r^ularly  and  rather  heavily  bedded  loams,  sands,  and  clays, 
commonly  orange-hued  but  weathering  to  dark  reds  and  browns, 
and  evidently  represent  a  somewhat  erratic  phase  of  the  Appo- 
mattox.    The  deposits  are  erratic,  jirst^  in  the  complete  assort- 
ment of  materials,  the  sands  and  clays  being  separated  and  laid 
down  in  alterating  layers ;  second^  in  the  fineness  of  the  materials, 
clay  forming  the  predominant  element  and  the  pebbles  being 
represented  only  by  bits  of  quartzite  or  chert  seldom  over  a 
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quarter  of  an  inch  in  diameter  sparsely  disseminated  through 
tne  sandy  layers ;  thirds  in  the  exceptionally  regalar  stratifica- 
tion ;  and  fourth^  in  the  absence  of  the  distinctive  clay-out- 
lined cross  stratification — though  the  sandy  strata  are  some- 
times cross  bedded.  The  formation  here  is  exceptionally 
ferruginous.  A  thin  layer  in  a  cutting  three-quarters  of  a  mile 
east  of  Grand  Bay  is  locally  used  as  an  ochre;  the  plowed 
fields  and  other  exposed  surfaces  are  sometimes  besprinkled  or 
even  shingled  with  small  ferruginous  nodules  for  "  ouckshot  **) 
weathered  out  of  the  loam;  the  prevailing  colors  are  harsher 
and  generally  darker  than  usual  (though  not  so  dark  as  at 
Columbia),  ranging  from  orange-yellow  mixed  with  gray  in 
some  strata,  to  prevailing  orange-reds  weathering  to  bnck-rede 
and  chocojate-browns ;  and  the  peculiar  mottling  characteristie 
of  the  deposit  under  certain  conditions  of  exposure  through- 
out nearly  its  whole  extent  is  beautifully  displayed.  In  Uie 
railway  section  in  the  eastern  part  of  Grand  Bay  the  relation 
between  the  mottling  below  the  reach  of  ready  oxidation  and 
the  formation  of  the  ferruginous  concretions  found  on  the  sw^ 
face  are  clearly  shown :  the  lower  part  of  the  exposure, 
extending  to  within  10  or  12  feet  of  the  surface,  is  of 
fairly  uniform  orange  or  orange-yellow  hue,  with  some  strata 
passing  into  ffray ;  next  follows  a  stratum  of  5  or  6  feet,  con- 
centric with  the  surface  and  discordant  with  the  stratification, 
in  which  the  uniform  hues  are  shot  with  vertical  or  oblique 
lines  of  darker  color,  increasing  in  number  upward  and  finally 
uniting  in  a  network  of  orange-red  bands  an  inch  or  more  in 
width  enmeshing  polygons  and  irregular  figures  of  original 
color  one  to  five  inches  in  diameter;  while  still  nearer  the 
surface  the  bands  widen,  the  lighter  colored  polygons  disap- 
pear, and  a  nearly  uniform  orange- red  hue  supervenes.  Yet 
some  of  the  lines  of  darker  color  persist  as  narrow  bands  of 
brown,  perhaps  marking  jointage  planes;  and  on  closely  ap- 
proaching the  surface  these  are  frequently  found  to  become 
partially  indurated,  so  as  to  form  a  network  of  embossed 
chocolate-brown  lines,  enmeshing  orange-red  polygons.  About 
the  points  of  union  of  the  embossed  brown  bands  the  segrega- 
tion of  ferruginous  matter  and  the  cementation  are  most 
decided  ;  and  quite  near  to  the  surface  the  nuclei  thus  formed 
may  be  found  to  graduate  into  irregular  ferruginous  nodules, 
diminishing  in  size  and  increasing  in  hardness  until  they  paee 
gradually  into  the  state  exhibited  by  the  surface-found  concre- 
tions. So  the  mottling,  the  darkening  of  hue,  the  general 
ferru^ination,  and  the  formation  of  nodules  are  simple  results 
of  oxidation  and  hydration  produced  by  weathering. 

In  Mississippi  the  Appomattox  is  well  displayed  at  Nicholsoa^ 
near  Pearl  river,  and  only  20  miles  from  the  Gulf ;  and  lO 
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miles  farther  northward,  at  Highland,  there  is  a  still  better 
development  in  which  there  is  so  large  an  element  of  pebbles 
that  the  deposit  has  been  extensively  worked  as  a  source  of 
gravel  for  railway  ballasting.  At  these  localities  the  fornia- 
fion  exhibits  the  usual  characteristics,  save  that  in  the  first 
pebbles  are  small  and  rare.  In  the  second  locality  the  abundant 
pebbles  consist  predominantly  of  sub-angular  fragments  of 
chert  an  inch  ana  a  half  or  less  in  diameter,  with  no  represen- 
tatives either  of  the  quartz  and  quartzite  of  the  northeast,  or 
of  the  siliceous  dolomite  found  at  Tuscaloosa.  At  Hattiesburg 
the  formation  is  exposed  in  the  uplands  overlooking  Leaf 
river,  and  about  Ellisville  it  crosses  the  divide  between  that 
river  and  the  Tallahoma,  the  usual  characteristics  being  dis- 
played in  both  localities;  at  Vossburg  there  is  an  extensive 
eu^cumulation  of  the  deposit,  which  is  here  fairly  stratified  and 
exceptionally  friable,  on  the  divide  between  the  Leaf  and 
Chickasawhay  drainage  basins ;  and  at  Brandon  the  exposures 
Eu«  less  extensive  than  but  similar  to  those  at  Vossburg. 

In  the  vicinity  of  Meridian  there  are  numerous  exposures, 
some  of  which  aie  erratic  in  character  :  Over  the  ridge  formed 
by  the  peculiar  siliceous  rocks  of  Eocene  age  called  by  Smith 
tne  Choctaw  buhrstone,  the  Appomattox  is  uncommonly 
obdurate,  and  the  distinct  cross-bedding  is  outlined  in  fine 
sand  rather  than  in  clay ;  yet  despite  the  uncommon  obduracy 
of  the  material  it  has  been  completely  removed  from  the 
greater  part  of  the  surface  throughout  much  of  this  belt  of 
high  relief.  On  the  northeastern  side  of  the  isolated  knob  of 
Buhrstone  a  mile  south  of  Meridian  there  is  a  bed  of  brown 
or  orange-red  sand  corresponding  in  many  respects  with,  and 
probably  justly  referable  to,  the  Appomattox,  though  the 
usual  heavy  bedding  is  absent,  the  characteristic  cross-bedding 
is  inconspicuous,  and  the  mass  is  much  more  friable  than  usual. 
On  the  lowlying  lands  three  miles  northeast  of  Meridian  the 
Appomattox  generally  forms  the  surface ;  but  it  here  contains 
an  exceptional  element  of  clay,  and  in  many  sections  appears 
to  mer^e  into  the  Eocene  clays  assigrned  to  the  Hatchetigbee 
formation  by  Smith  and  Johnson,  just  as  another  phase  merges 
into  the  Potomac  (Tuscaloosa)  in  another  locality. 

So  the  Appomattox  formation  may  be  briefly  described  as  a 
series  of  obscurely  stratified  and  frequently  cross-bedded 
loaras,  clays,  and  sands  of  prevailing  orange  hues,  with  local 
accumulations  of  gravel  about  waterways ;  the  materials  vary- 
ing somewhat  from  place  to  place,  but  always  in  the  direction 
of  community  of  material  between  the  formation  and  the 
older  deposits  upon  which  it  lies ;  while  as  a  whole  the  deposit 
retains  so  distinctive  and  strongly  individualized  characteristics 
^  to  be  readily  recognized  wherever  seen. 
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Geographic  Distribution. 

The  areal  distribution  of  the  Appomattox  formation  mav 
be  stated  either  simply  and  easily  in  terms  of  original  deposi- 
tion, or  in  greater  detail  and  with  more  difficulty  in  terms  of 
present  outcrops. 

In  general  distribution,  the  formation  is  known  to  expand 
and  thicken  southward  from  a  few  thin  beds  occupyinga  nar- 
row belt  on  Potomac  creek,  a  few  miles  north  of  the  Kappa- 
hannock,  to  a  thick  deposit  forming  a  terrane  forty  or  fifty 
miles  wide  on  the  Koanoke ;  to  extend  thence  southward,  in  a 
broad  zone  at  first  widening  but  afterward  narrowing  with  the 
encroachment  of  the  overlapping  coast  sands  upon  its  area, 
quite  across  the  Carolinas ;  to  form  the  most  conspicuous  ter- 
rane of  central  Georgia,  where  it  stretches  from  the  fall-line  to 
the  inland  margin  of  the  coast  sands  all  the  way  from  the 
Savannah  to  the  Chattahoochee ;  to  again  expand  greatly  in 
Alabama  with  the  contraction  of  the  overlying  coast  sands 
until  it  forms  an  essentially  continuous  terrane  stretching  from 
the  fall-line  at  Montgomery  and  Tuscaloosa  to  within  half  a 
dozen  miles  of  the  Gulf  in  the  southwestern  comer  of  the  state ; 
and  to  maintain  this  enormous  width  in  Mississippi,  where 
it  extends  southward  from  the  Paleozoic  area  in  the  extreme 
northeastern  comer  of  the  state  to  within  twenty  miles  of  the 
Gulf  on  Pearl  River  and  westward  to  within  fifty  miles  of  the 
Mississippi,  to  be  in  part  overlain  and  in  part  replaced  by  the 
local  phases  of  the  more  recent  Columbia  formation  developed 
on  Gulf  and  river.  Tiiis  field  of  fully  50,000  square  miles  is 
that  over  which  the  Appomattox  has  been  traced  in  thousands 
of  exposures,  and  in  which  it  generally  forms  the  prevailing 
terrane. 

If  the  direct  observation  be  supplemented  by  legitimate  and 
necessary  inference,  the  formation  must  be  so  extended  as  to 
bridge  the  valleys  from  which  it  has  been  degraded,  and  to 
stretch  beneath  tne  various  phases  of  the  Columbia  formation 
well  toward  the  Atlantic  and  Gulf  coasts — though  its  seaward 
extension  is  doubtless  aberrant  in  composition  and  structure, 
particularly  in  Florida,  where  it  merges  with  the  continuous 
series  of  oif-shore  deposits  of  the  Neozoic  which  combine  to 
form  the  great  submarine  shelf  fringing  the  continent  on  the 
east  and  south.     With   this  les^itimate  extension,  the  field  of 
the  formation  becomes  essentiallv  coextensive  with  the  Coastal 
Plain  of  the  Atlantic  and  Eastern  Gulf  slopes  (exclusive  of  a 
part  of  Florida)  and  assumes  an  area  of  250,000  or  300,000 
square  miles.     Over  the  whole  of  this  vast  area  the  Appomat- 
tox formation  must  have  stretched  ;  and  over  the  greater  part 
of  this  area  it  must  maintain  the  wonderfully  uniform  charac- 
teristics of  composition  and  structure  exhibited  to-day  by  its 
stream-carved  remnants. 
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The  areal  distribution  of  the  remnants  of  the  Appomattox 
ormation  represented  by  present  exposures  cannot  be  set  forth 
Q  detail  witnout  large  scale  maps  or  more  elaborate  statement 
han  space  will  now  permit;  but  certain  features  of  local  dis; 
ribntion  are  too  significant  to  be  neglected. 

Throughout  the  Coastal  Plain  the  formation  is  deeply  dis- 
Bcted  if  not  completely  divided  by  the  larger  rivers  at  and 
ommonly  for  long  distances  below  its  inland  margin.     The 
•ibutaries  have  invaded  it  as  well,  and  so  too  have  the  smaller 
ireanois,  down  to  the  rivulet  and  storm-filled  rill ;  and  thus  its 
Qtire  surface  has  been  sculptured  by  running  water  in  a  man- 
er    well   illustrating   the    type   of   configuration    elsewhere 
lassed   as  autogenetic.     Now  many  of  the  tributaries,  as  well 
J  some  of  the  subordinate  members  of   the  wide  branching 
rainage   systems,   have,   like   the   principal  rivers,  cut  com- 
letely  through  the   formation  and  exposed  the  sub-terrane 
ver  considei'aDle  areas ;  and  while  the  extent  of  the  destruc- 
on  of  the  formation  in  this  manner  is  of  course  dependent 
pon  the  local  efliciency  of  the  several  factors  of  degradation 
ieclivity,  stream-volume,  texture  of  the  rock  mass,  etc.),  it  is 
vidently  related  in  some  degree  to  the  character  of  the  subter- 
me.      This   relation   is   well   exemplified   over  the   uplands 
anking  the   Tombigbee    and   Alabama  rivers  on   the  west. 
)ver  the  terrane  of  the   Potomac  formation   the   Appomat- 
3X  generallv  prevails,  despite  the  considerable  altitude  and 
igh  local  reliei,  save  in  the  valleys  of  the  largest  rivers ;  over 
he  less  elevated  terrane  of  the  Eutaw  sands,  it  is  more  f re- 
[uently   and   more   widely   cleft   by   drainage   ways,  and  its 
emnants  are  thinner;    over  the  next  newer  formation  (the 
Tombigbee  chalk)  which  lies  low  and  flat,  the  greater  part  of 
ihe  Appomattox  has  been  carried  away,  not  only  in  the  vicinity 
of  the  Tombigbee   river  but   all  the   way  from  northeastern 
Mississippi  to  beyond  the  Alabama  river,  so  that  it  is  com- 
monly represented  only  by  isolated  belts  and  irregular  patches 
which,  as  Smith  has  shown,  most  frequently  lie  on  northerly 
slopes;  over  the  terrane  of  the  Eufala  sands,  in  which  the 
local  relief  again  increases,  the  remnants  of  the  Appomattox 
quickly  increase  in  number  and  expand  until  the  formation 
once  more  forms  the  prevailing  surface  on  the  uplands,  though 
the  Cretaceous  deposits  are  laid  bare  along  most  streams  and 
form  the  prevailing  lowlands ;  and  over  the  eight  or  nine  lower 
Eocene  formations  into   which   the   Lignitic  of   Hilgard  has 
been  divided  by  Smith  and  Johnson,  and  among  which  clay  is 
the  predominant  material,  the  Appomattox  still  further  expands 
until  it  forms  almost  the  entire  surface,  highland  and  lowland 
*like,  save  in  the  valleys  of  the  larger  rivers.     Still  farther 
southward  lies  the  great  siliceous  deposit  of  the  middle  Eocene 
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commonly  known  as  Bnhrstone — the  Choctaw  bnhrstone  of 
Smith ;  its  rocks  are  the  most  obdurate  of  the  entire  Neozoic 
series  within  the  Gulf  slope,  and  so  its  general  surface  is  ele- 
vated and  sculptured  into  a  complex  configuration  of  pro- 
nounced relief  and  sharp  contours ;  yet  despite  these  conditions 
so  exceptionally  favorable  to  degradation,  the  Appomattoi 
frequently  maintains  its  integrity  over  considerable  areas. 
Beyond  the  hill-land  of  the  bnhrstone  lies  the  lowland  formed 
by  the  predominantly  calcareous  newer  Eocene  formations— 
the  Claiborne,  Jackson  and  Vicksburg — over  which  the  Appo- 
mattox is  again  trenched  by  almost  every  waterway  and 
reduced  to  ragged  remnants  only  more  extensive  than  those 
overlying  the  Tombigbee  chalk;  but  upon  the  silico-argilla- 
ceous  terrane  of  the  Grand  Gulf  the  remnants  once  more 
expand  until  they  form  the  greater  part  of  the  surface,  save 
along  the  larger  waterways,  as  about  Hattiesburg  in  Central 
Mississippi.  In  short,  the  formation  is  generally  preserved 
over  loamy  and  clayey  terranes,  much  more  seriously  invaded 
by  erosion  over  sandy  terranes,  and  largely  degraded  over 
calcareous  terranes ;  and  this  is  true  not  only  of  the  section 
from  Tuscaloosa  to  Hattiesburg  in  Alabama  and  Mississippi, 
•  but  of  the  formation  as  a  whole. 

It  has  already  been  intimated  that  the  composition  of  the 
Appomattox  everywhere  depends  in  part  upon  that  of  the  sub- 
terrane,  i.  e.,  that  its  materials  everywhere  consist  of  local 
elements  and  erratic  elements  combined  in  varying  propor- 
tions ;  and  the  variable  friability  and  solubility  resulting  from 
this  inequality  in  composition  is  evidently  the  reason  for  the 
unequal  resistance  which  the  formation  has  oflfered  to  degrada- 
tion in  various  parts  of  its  extent. 

Hypsographic   Dlstribution. 

The  best  development  of  the  formation  in  Virgim'a  and 
North  Carolina  lies  between  25  and  150  feet,  and  its  upper 
limit  is  probably  less  than  250  feet,  above  tide.  Fartner 
southward  the  lower  observed  limit  remains  about  the  same, 
while  the  upper  rises  to  at  least  650  feet  over  the  divide 
between  the  Congaree  and  Savannah,  where  the  formation  is 
well  developed  and  constitutes  the  prevailing  surface.  The 
lowest  altitudes  at  which  it  has  been  observed  near  the  Gulf 
are  less  than  25  feet  above  tide  at  Nicholson  and  not  much 
higher  at  Grand  Bay ;  and  the  greater  altitudes  in  the  Gulf 
slope  are  not  less  than  450  feet  in  uplands  near  Tuscaloosa, 
ana  600  feet  in  the  Bnhrstone  hill-lands  west  of  Meridian.* 

*  It  has  recentlj  been  found  washed  by  tide  waters  on  the  east  side  of  Mobilt 
bay,  by  Mr.  L.  C.  Johnson. 
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Briefly,  the  hypsographic  distribution  of  the  Appomattox 
ormation  is  efisentialiy  identical  with  that  of  the  general  sur- 
ace  of  the  Coastal  Plain  from  the  Potomac  to  the  Pearl,  save 
hat  the  formation  extends  a  little  farther  inland  than  the 
aafis  of  the  Neozoics,  overlapping  for  a  few  miles  of  distance 
nd  a  few  yards  of  altitude  upon  the  Piedmont  crystallines 
vithiii  the  lall-lina 

Stratigbaphic  Relations. 

In  several  exposures  on  the  Appomattox  river  at  and  below 
Petersburg,  the  fluvial  phase  of  the  Columbia  formation  (as 
leveloped  in  the  Middle  Atlantic  slope)  rests  uncouformably 
m  the  surface  of  the  Appomattox,  and  a  like  relation  to  the 
nter-fluvial  phase  is  displayed  in  several  railway  cuttings 
K>uth  of  Petersburg.  In  the  excellent  section  at  Columbia 
iie  coast  sand  phase  of  the  Pleistocene  formation  rests  uncou- 
formably upon  the  Appomattox ;  and  at  Lively,  Alabama,  the 
*  second  bottom"  phase  of  the  newer  formation  overlaps 
ancoDformably  an  eroded  surface  of  the  older  one.  From 
these  exposures  in  section  the  two  formations  are  known  to  be 
diverse  in  age. 

The  unconformity  between  the  Columbia  and  the  Appo- 
mattox becomes  more  striking  when  the  relations  of  the  two 
formations  to  the  larger  rivers  are  considered :  Every  great 
waterway  traversing  the  Coastal  Plain  from  the  fall-line  to  the 
shore  of  Ocean  or  Gulf  has  for  scores  of  miles  trenched  the 
Appomattox  to  its  base  and  commonly  cut  far  into  older  strata, 
and  the  orange  loams  and  sands  are  usually  removed  from  the 
bottom  and  half  the  sides  of  the  trough  whose  axis  is  marked 
by  the  waterway ;  while  the  same  rivers  are  flanked  by  ter- 
raced belts  of  (Jolumbia  loam  overlying  the  degraded  edges  of 
the  Appomattox  and  the  older  strata  alike,  and  little  invaded 
by  erosion  (except  on  the  Savannah  and  the  Congaree)  save 
that  of  the  river  channel.  It  is  true  that  the  Chattahoochee, 
Tuscaloosa  or  Warrior,  and  some  other  rivers  are  locally 
flanked  by  terraces  of  Appomattox  materials;  but  these  ter- 
races appear  to  be  the  product  of  local  wave  work  during  the 
Columbia  submergence  rather  than  of  the  rivers  and  waves  of 
the  Appomattox  period. 

Still  more  striking  does  the  unconformity  appear  when  the 
general  conflguration  of  the  two  formations  is  compared : 
About  Grana  Bay  and  St.  Elmo  in  southwestern  Alabama  the 
Columbia  forms  a  smooth,  monotonous,  sensibly  horizontal 
plain,  while  the  knolls  and  uplands  of  Appomattox  protruding 
through  the  flat-lying  sands  exhibit  well  developed  autogenetic 
sculpture;  over  the  smooth  plains  of  the  Tombigbee  chalk  the 
Colombia  deposits  skirt  the  rivers  in  sharp-cut  terraces,  while 
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the  Appomattox  has  been  largely  removed  by  erosion ;  on  the 
Oconee  and  Ogeeehee  Rivers  in  eastern  central  Georgia  the 
monotonoas  plains  formed  by  the  coast  sands  of  the  Colnmbia 
encroach  upon  and  send  tongues  and  fingers  into  the  ravines 
and  broader  depressions  of  a  boldly  sculptured  upland  of 
Appomattox  loam;  and  in  North  Carolina  and  Virginia  the 
Columbia  is  little  more  than  a  flowing  mantle  masking  the 
more  rugged  framework  of  the  older  Appomattox.  Indeed, 
throughout  their  extent  these  formations  illustrate  the  con- 
trast between  "topographic  youth"  and  "topographic  old 
age  "  as  defined  by  Chamberlin — the  one  is  soft  faced,  smooth, 
nearly  featureless;  the  other  hard-visaged,  furrowed,  strong 
featured. 

Local  uhconformities  between  the  Appomattox  and  the  sev- 
eral subjacent  Neozoic  formations  are  freouently  exposed  in 
section;  and  general  unconformity  with  all  these  formations 
alike  is  indicated  by  its  overlap  upon  all  from  the  Grand  Gulf 
of  the  Miocene  to  the  Potomac  (Tuscaloosa)  of  the  Cretaceons 
or  Jurassia 

Especially  significant  is  the  unconformity  between  the 
Appomattox  and  the  Grand  Gulf — the  youngest  of  the  series: 
In  southern  Mississippi  generally,  and  notably  in  the  vicinity 
of  the  Tallahoma  river  about  Ellisville,  there  are  sufficiently 
numerous  exposures  of  the  siliceous  clays  constituting  the 
Grand  Gulf  to  show  that  the  surface  of  the  terrane  is  one  of 
autogenetic  sculpture,  that  the  Appomattox  was  laid  down  as 
a  continuous  mantle  upon  this  sculptured  surface,  and  that 
after  the  close  of  the  Appomattox  period  the  rivers  resumed 
approximately  their  ancient  courses  and  have  impressed  a  new 
and  fairly  consistent  sculpture  upon  the  old.  So,  while  the 
newer  formation  crowns  eminences  and  floors  depressions  alike 
where  not  profoundly  eroded,  its  mass  is  little  if  any  thicker 
on  the  upland  than  in  the  valley,  and  exposures  are  as  common 
in  the  upper  as  in  the  lower  slopes ;  and  along  the  larger  rivers 
the  Appomattox  has  been  frequently  removed  from  the  lower 
slopes  while  it  yet  crowns  the  divides  and  highlands  quite  to 
the  brows  of  the  bluflfs. 

Especially  significant,  too,  is  the  relation  between  the  Appo- 
mattox and  the  obdurate  strata  of  the  Choctaw  buhrstone, 
since  a  rough  record  of  great  continental  oscillation  is  con- 
tained therein :  Southwest  of  Meridian  and  west  of  Corinne 
lies  a  prominent  ridge  of  the  peculiar  siliceous  rocks  of  this 
formation,  making  tne  divide  between  the  Okatibbee  and 
Chunkee  river.  This  divide  is  a  meandering  crest,  sending 
out  lateral  spurs  and  culminating  in  height  at  every  beno, 
separating  a  plexus  of  steep  sided  ravines,  coves  and  amphithe- 
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aters — the  whole  simulating  a  mountain  crest-line  with  its 
peaks,  aretes,  cols,  gorges  and  amphitheaters,  save  that  every 
sammit  is  blunted.  This  striking  configuration  tells  a  signifi- 
cant story,  but  one  too  long  for  repetition  here — it  suffices  that 
it  tells  of  a  time  when  the  land  stood  higher  and  the  rivers 
were  made  more  energetic  than  to-day.  Now  over  this  irregu- 
lar surface  the  Appomattox  was  evidently  spread  mantlewise, 
just  as  over  the  qualitatively  similar  though  less  strikingly  em- 
phasized surface  of  the  Grand  Gulf ;  and  here  as  there  the  post- 
Appoaiattox  rivers  sought  their  old  courses,  and  the  new  drainage 
system  corresponds  substantially  with  the  old  ;*  but  the  lower 
base  level  of  to-day  has  tended  to  develop  a  flatter  surface  than  the 
old,  and  while  remnants  of  the  orange  loam  are  frequently  caught 
on  the  crests  and  lodged  in  the  amphitheaters,  thev  have  been 
commonly  removed  from  the  higher  altitudes  and  are  gener- 
ally confined  to  the  lower  levels. 

Perhaps  the  Appomattox  merges  into  the  phosphate-bearing 
Pliocene  beds  oi  South  Carolina;  probably  it  is  continuous 
with  some  of  the  newer  oflf-shore  deposits  of  Florida ;  unques- 
tionably it  represents  but  the  landward  portion  of  one  of  a 
vast  series  of  dejposits  which  at  some  distance  beyond  the 
present  shores  of  Ocean  and  Gulf  are  unbroken ;  but  certainly 
there  is  a  great  unconformity,  first  between  the  Pleistocene 
Columbia  and  the  Appomattox,  and  second  between  the  Appo- 
mattox and  all  of  the  subjacent  Neozoic  formations  yet  sat- 
isfactorily discriminated  within  the  Atlantic  and  Gulf  Slopes. 

Taxonomy. 

No  fossils  have  thus  far  been  found  in  the  Appomattox 
formation  except  at  Meridian,  where  Johnson  has  found  it  to 
contain  well  preserved  magnolia  leaves  apparently  identical 
with  those  of  trees  now  growing  in  the  same  vicinity.  Its 
stratigraphic  position,  unconformably  below  the  Pleistocene 
and  unconformably  above  the  (probably)  Miocene  Grand  Gulf 
formation,  indicates  an  age  corresponding  at  least  roughly  with 
the  Pliocene. 

The  formation  represents  a  considerable  part  of  a  more  or 

less  vaguely  defined  series  of  deposits  variously  called  '*  Orange 

Sand,"  "Drift"  or  "Quaternary,"  "Southern  Drift,"  etc.,  by 

many  geologists ;  but  since  this  vaguely  defined  series  included 

I 

[  *The  history  of  renewal  of  buried  drainage  systems  in  the  eastern  Gulf  slope 
I  is  recorded  in  wonderful  fulness  and  clearness.  Three  and  even  four  times  has 
the  autogenetically  sculptured  surface  of  the  Choctaw  buhrstone  been  submerged 
Kod  maatled  with  sediments,  only  to  rise  and  resume  more  or  less  fully  its  old 
wpect  under  the  influence  of  waterways  following  the  old  lines.  Such  resur- 
rected, or  palingenetiCf  drainage  and  sculpture  is  characteristic  of  much  of  Mis- 
8i«ippi. 

Ah.  Jock.  Sci. — Third  Series,  Vol  XL,  No.  235.— July,  1890. 
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not  only  the  Appomattox  bnt  also  the  basal  gravel  beds  of  the 
Pleistocene  loess,  pirts  at  least  of  the  Cretaceous  or  Jurassic 
Potomac  (Tuscaloosa)  formation,  and  other  deposits  of  various 
ages,  none  of  the  old  desisrnations  can  be  retained  without 
material  modification  in  definition.  It  therefore  seems  wise 
to  extend  the  term  applied  to  the  formation  in  the  region  in 
which  it  was  first  studied  and  clearly  defined. 

SouRCKS  OF  Materials. 

The  materials  of  the  formation  which  may  be  certainly  traced- 
to  their  sources  are  (1)  pebbles  or  gravel,  (2)  arkose,  and  (3)  a 
certain  portion  of  the  more  finely  divided  matter. 

It  has  been  stated  incidentally  that  about  the  fall-line  the 
pebbles  of  the  Appomattox  are  in  large  part  identical  with 
those  of  the  Potomac,  and  that  they  are  evidently  derived 
therefrom.  It  has  also  been  stated  incidentally  that  the  pebbles 
of  both  Appomattox  and  Potomac  vary  from  river  to  river 
— quartz  on  tlie  Rappahannock,  quartzite  with  less  quartz  on  tlie 
James  and  Appomattox,  quartz  with  less  quartzite  on  the 
Roanoke,  quartz  mainly  on  the  Neuse  and  Cape  Fear,  quartz 
with  less  quartzite  on  the  Santee  system,  quartz  and  quartzite 
in  nearly  equal  proportions  on  the  Savannah  and  Ocmulgee, 
quartzite  with  less  quartz  on  the  Chattahoochee,  quartzite,  silic- 
eous dolomite,  quartz,  and  chert  (in  order  of  abundance)  on  the 
Alabama,  siliceous  dolomite,  chert,  and  quartzite  on  the  Tusca- 
loosa (or  Warrior),  and  chert  on  the  f^ascagoula  and  Pearl; 
and  this  variation  goes  exactly  with  the  petrographic  char- 
acter of  the  most  obdurate  rocks  traversed  by  the  upper  reaches 
of  the  respective  rivers. 

Arkose  is  but  a  limited  and  unusual  constituent  of  the 
formation,  and  is  only  known  to  occur  under  two  sets  of  con- 
ditions: It  occurs  when  the  formation  rests  directly  upon 
crystalline  rocks  or  when  these  rocks  are  exposed  in  such 
proximity  as  to  indicate  absence  of  deposits  intermediate  in 
age,  as  at  Wilson,  N.  C.  It  occurs  also,  in  less  abundance  and 
purity,  where  the  Appomattox  rests  directly  upon  the  Potomac 
formation  and  the  latter  is  made  up  largely  or  exclusively  of 
the  same  material,  as  at  Girard,  Alabama.  In  both  cases  the 
material  is  evidently  derived  from  an  adjacent  and  older  forma- 
tion. 

Certain  striking  features  in  geographic  distribution  of  the 
Appomattox  formation  already  pointed  out  indicate  that  in 
many  if  not  in  all  cases  a  part  of  its  materials  were  derived 
from  immediately  subjacent  strata,  and  so  that  the  character  of 
this  formation  in  a  measure  reflects  that  of  the  sub-terrane— 
the  characteristic  orange  loams  being  exceptionally  loamy  over 


I 
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loams,   exceptionally  sandy    over  sands,  exceptionally  argilla- 
eeoos  over  clays,  and  exceptionally  calcareous  over  limestones. 

The  combined  volume  of  pebbles  and  gravel,  arkose,  and 
the  local  elements  of  finely  divided  material,  however,  consti- 
tute but  the  smaller  portion  of  the  entire  bulk  of  the  forma- 
tion ;  and  the  general  similarity  in  composition  of  the  forma- 
tion with  the  residuary  loams  and  clays  both  of  the  Piedmont 
crystallines  and  of  the  Paleozoics  of  the  Gulf  slope  suggests 
that  these  residua  contributed  largely  to  the  formation.  This 
suggestion  gains  strength  from  the  phenomena  exhibited  at 
Columbia,  where  the  Appomattox  takes  on  a  local  aspect  cor- 
responding precisely  with  the  local  aspect  of  the  residua  de- 
rived from  tne  neighboring  crystalline  rocks. 

Interpretation. 

The  Appomattox  formation  illustrates  a  method  of  geologic 
con-elation  which  has  grown  out  of  the  work  in  the  Coastal 
Plain  of  eastern  America,  and  which  is  deemed  worthy  of 
statement. 

The  primitive  method  of  geologic  correlation  depends  upon 
tracing  actaal  stratigraphic  continuity  across  or  around  inter- 
vening areas.  This  method  is  to-day  the  simplest  and  safest 
within  the  reach  of  geologists;  but  it  is  practicable  only 
within  single  geologic  provinces,  and  is  limited  by  many  other 
conditions. 

Another  method  of  geologic  correlation  is  based  upon 
petrography.  At  certain  stages  in  the  development  of  the 
science  of  the  earth,  the  various  classes  of  rocks  have  been 
more  or  less  widely  correlated  upon  grounds  of  similarity  in 
composition,  texture,  structure  and  other  petrographic  char- 
acters ;  but  it  is  now  generally  recognized  that  these  charac- 
ters are  simply  the  expression  of  processes  and  conditions 
which  have  been  repeated  in  many  parts  of  the  world  and  in 
all  periods,  and  thus  that  the  method  can  only  be  applied  cau- 
tiously and  within  narrow  limits.  To-day,  correlation  by 
petrography  is  practically  confined  to  the  ancient  crystalline 
rocks,  and  even  here  it  is  viewed  with  distrust  by  leading 
American  students. 

The  disciples  of  William  Smith — who  are  as  numerous  to- 
day as  the  devotees  of  geology — correlate  groups  of  rocks  by 
paleontology.     It  is  the  strength  of  this  method  of  correlation 
that,  as  practically  applied,  it  embraces  the  desirable  features 
of  the  more  primitive  methods ;  that  it  involves  also  a  broader 
and  more  comprehensive  grasp  of  phenomena  and  principles 
than  the  simpler  methods  out  of  which  it  was  developed  ;  that 
it  rests  upon  a  sound  philosophic  basis  ;  and  that  it  unites  the 
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physical  aspect  of  geology  with  the  record  of  biotic  develop- 
ment upon  the  earth  in  such  manner  as  to  form  a  logical  and 
consistent  basis  for  the  current  cosmogony  of  enlightened  men. 
It  is  the  weakness  of  the  method  that  many  rocks  are  too  poor 
in  fossils  to  be  correlated  thereby;  that  formations  may  be 
homotaxial  yet  not  contemporaneous  and  vice  versa;  that 
fossil  facies  represent  the  product  of  two  principal  factors  of 
which  one  (environment)  is  so  variable  under  local  conditions 
that  the  product  is  inconstant  among  the  minor  rock  divis- 
ions ;  and  that  the  geologic  chronometers  afforded  by  fossil 
plants,  fossil  invertebrates  and  fossil  vertebrates  respectively 
give  unlike  time  units  and,  sometimes,  discordant  readings. 
To-day  the  larger  groups  are  confidently  correlated  by  paleon- 
tologv ;  but  leading  American  geologists  no  longer  accept 
identity  of  fossil  facies  as  final  proof  of  equivalence  among 
the  minor  rock  divisions. 

The  method  of  correlation  devised  to  systemize  the  struc- 
ture of  the  Coastal  Plain  combines  the  desirable  features  of 
the  older  methods,  and  adds  thereto  the  interpretation  of  the 
products  of  the  several  physical  processes  operating  upon  the 
earth's  exterior.  It  is  a  correlation  by  community  of  genesis, 
or  homogeny.  The  method  involves  a  yet  broader  conspectns 
of  phenomena  and  principles  than  the  paleontologic  method ; 
for  in  its  application  it  is  necessary  to  mentally  restore  the 
various  physical  and  biotic  conditions  of  the  past,  just  as  pale- 
ontology vivifies  the  fossils  of  past  ages. 

Correlation  by  homogeny  is  a  simple  application  of  the  well 
known  principles  (1)  that  geologic  processes  may  be  inferred 
from  their  products,  and  (2)  that  geologic  processes  are  uni- 
versally interrelated. 

Since  the  birth  of  the  science  it  has  been  the  proximate 
end  of  geology  to  ascertain  the  genesis  of  terrestrial  phenomena, 
with  a  view  to  the  ultimate  end  of  developing  a  rational  and 
valid  cosmogony  ;  and  great  progress  has  been  made  in  this 
direction.  Now,  ''  scientific  progress  may  be  measured  by 
advance  in  the  classification  of  phenomena.  The  primitive 
classification  is  based  on  external  appearances,  and  is  a  classifi- 
cation by  analogies ;  a  higher  classification  is  based  on  internal 
as  well  as  external  characters,  and  is  a  classification  by  homol- 
ogies ;  but  the  ultimate  classification  expresses  the  relations  of 
the  phenomena  classified  to  all  other  known  phenomena,  and  is 
commonly  a  classification  by  genesis."  So,  the  primary  geo- 
logic classification  was  based  directly  upon  the  objective  phe- 
nomena of  the  external  earth,  and  early  geologic  literature  \ 
pervaded  and  the  science  shaped  by  this  fundamental  id 
As  time  went  on  this  classification  was  found  too  narrow 
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represent  intelligibly  the  facts  and  their  relations,  and  the 
iesire  for  a  more  comprehensive  taxonomy  was  indicated  by 
jenai-arbitrary  division  of  the  science  into  departments  defined 
by  community  of  agencies  (physical  geology,  structural  geol- 
>gy,  historical  geology,  etc.),  within  which  the  minor  classes 
Bvere  variouslv  defined  and  grouped.  Still  later,  not  only  the 
primary  but  the  secondary  categories  of  phenomena  came  to  be 
jommonly  defined  by  genesis;  and  to-day  the  taxonomy 
idopted  by  leading  American  geologists  is  predominantly 
^netic,  and  geologic  research  is  considered  incomplete  if  it 
fails  to  indicate  the  origin  and  course  of  development  of  the 
phenomena  studied. 

The  interrelation  of  geologic  processes  is  illustrated  in  ter- 
restrial gradation — the  matter  degraded  from  one  spot  or  region 
is  deposited  in  some  other  spot  or  region ;  and  commonly  the 
regions  of  degradation  and  deposition  are  contiguous.  It  is 
ilso  illustrated  in  the  deformation  of  the  terrestrial  crust, 
whether  antecedent  or  consequent* — when  one  part  of  the  ter- 
restrial crust  is  heaved  another  part  is  thrown  ;  and  commonly 
the  heaved  and  thrown  parts  are  contiguous.  It  is  illustrated 
moreover  in  the  relations  between  deformation  and  gradation — 
when  a  mountain  range  or  a  continent  is  lifted  it  is  attacked  by 
degradation,  and  when  a  sea  bottom  is  formed  it  is  subjected 
to  deposition ;  and  when  degradation  lightens  the  continent  or 
mountain  it  is  still  further  lifted,  and  when  deposition  loads 
the  sea  bottom  it  is  still  further  depressed.  This  interrelation 
runs  through  the  entire  range  of  geologic  processes.  It  follows 
that  any  process  operating  in  one  part  oi  a  geologic  province 
must  be  represented  by  a  similar  or  kindred  process  in  other 
parts  of  the  same  province — i.  e.,  in  a  mountain  province  the 
degradation  of  one  part  is  represented  by  degradation  (perhaps 
it  different  rates)  in  all  parts ;  and  in  a  sea  province  depo- 
sition in  one  part  is  represented  by  deposition  (varying  in  rate 
and  quality  with  local  conditions)  in  all  other  parts.  It  equally 
follows  that  the  products  of  the  processes  are  genetically  re- 
lated— that  the  sculptured  forms  produced  bv  degradation  are 
of  common  genesis  and  greater  or  less  similarity  in  form  ac- 
cording to  the  local  conditions,  and  that  the  deposited  beds  are 
of  common  genesis  and  greater  or  less  similarity  in  volume 
and  material  according  to  the  local  conditions.     It  further  fol- 

♦The  various  mass  movements  coDcemed  in  the  development  of  continents 
and  mouDlains  are  conveniently  grouped  as  de/ormaiion,  and  the  various  classes 
of  particle  movements  concerned  in  the  transfer  of  materials  upon  the  surface  by 
ur,  water,  ice,  and  other  a^^encies  are  conveniently  grouped  aa  gradation ;  the 
ttiith  movementfl  concerned  in  ihe  elevation  and  exposure  to  degradation  of  con- 
sents are  conveniently  classed  as  antecedent;  and  the  earth  movements  resulting 
^m  transfer  of  materials  through  the  processes  of  gradation  are  conveniently 
Jj«88ed  as  awMg^M«i<.— Cf.,  Nat  Geog.  Mag.,  vol.  i,  1888,  pp.  27-3B;  Geol.  Mag. 
*^doIII,  vol.  iii,  1888,  pp.  489-496. 
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lows  that  the  sculptured  forms  on  the  one  hand  are  genetically 
related  to  the  deposited  beds  on  the  other  hand ;  and  it  i8 
indicated  not  only  by  theory  but  by  observation  that  such 
relations  sometimes  extend  not  only  from  land  province  to  sea 
province,  or  vice  versa^  but  across  a  sea  province  from  one  to 
the  other  of  the  land  provinces  by  which  it  is  bounded,  or  vioe 
versa,  and  thus  throughout  great  areas  and  perhaps  continents. 
In  short,  it  is  evident  that  when  geologic  agency  was  at  work 
in  any  spot  it  must  have  been  doing  something  throughout  the 
neighborhood  ;  and  properly  conducted  field  work  commonly 
shows  what  this  something  was. 

Now  the  universal  interrelation  of  geologic  processes  hag 
been  constantly  recognized  in  the  researches  into  the  genesis 
(1)  of  the  deposits  forming  the  Coastal  Plain  and  (2)  of  the 
correlative  sculptured  forms  found  in  the  contiguous  Piedmont 
and  Appalachian  regions;  and  it  has  been  ascertained  that 
each  category  of  phenomena  commonly  represents  two  classes 
of  genetic  conditions — one  general  and  the  other  local.  Thus 
the  topography  of  the  Piedmont  and  Appalachian  regions 
gives  a  record  of  a  certain  elevation  above  base  level  during 
each  of  three  or  four  well  defined  periods,  as  a  general  con- 
dition whose  eflfects  may  be  traced  over  immense  areas;  but  it 
also  gives  a  record  of  local  conditions  varying  from  place  to 
place  with  the  volume  and  declivity  of  streams,  the  obduracy 
of  the  rocks,  the  strike  and  dip  of  the  strata,  the  homogeneity 
or  heterogeneity  of  the  terranes,  etc.  Thus,  too,  the  sedimen- 
tary formations  of  the  Coastal  Plain  give  a  record  of  submer- 
gence beneath  the  ocean,  during  each  of  several  well  defined 
periods,  as  a  general  condition  aflfecting  immense  areas ;  but 
they  also  give  records  of  local  conditions  varying  from  place 
to  place  with  the  proximity  to  and  volume  of  nvers,  the  ex- 
posure to  prevailing  winds,  waves,  and  currents,  the  depth  of 
submergence,  the  proximity  to  shores,  etc.  But  the  effects  of 
the  general  and  local  conditions  respectively  can  commonly  be 
discriminated  with  confidence,  and  the  products  of  the  general 
conditions  traced  throughout  their  extent.  This  is  true  specific- 
ally of  the  littoral  and  marine  formations  of  the  Coastal  Plain, 
all  of  which  represent  widespread  submergence  with  local 
variations  in  depth  of  water,  proximity  to  shores,  activity  of 
deposition,  vicinity  of  rivers,  activity  of  waves,  etc.  The 
Coastal  Plain  formations  may  therefore  vary  from  place  to 
place  in  composition,  texture,  and  structure ;  but  the  different 

f)ha8es  are  intergraduating  parts  of  an  indivisible  unit,  the 
ocal  variations  are  repeated  from  place  to  place,  and  the  atti- 
tude of  each  formation  indicates  a  like  relation  between  se 
and  land  in  all  parts. 

In  discriminating  the  general  and  local  genetic  conditions,  i 
is  necessary  to  ascertain  the  relations  between  each  formatio 
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and  its  newer  ^nd  older  neighbors,  and  to  intei*pret  the  record 
of  each  unconformity  in  terras  of  continent  growth.  By  this 
means  the  difiEerent  parts  of  a  formation  may  be  found  to  rep- 
resent not  only  general  community  of  genesis  but  community 
of  beginning  and  ending — in  short  entire  community  of  struc- 
tural relation.  Each  part  of  the  formation  then  records  in 
similar  terms  the  same  episode  in  continent- building  and  world- 
growth. 

So,  when  a  Coastal  Plain  formation  is  found  to  represent 
general  community  of  genesis  and  structural  relation  in  its 
various  parts  it  is  considered  homogenic  and  accepted  as  a 
record  of  an  episode  in  geologic  history.  The  parts  may  or 
may  not  be  homotaxial ;  one  part  may  be  slightly  older  than 
another  part;  but  in  a  general  way  it  is  contemporaneous 
throughout  Homogeny  implies  not  only  equivalence  but 
synchrony. 

The  value  of  homogenic  correlation   is  illustrated  by  the 
Columbia  formation  :  in  the  Middle  Atlantic  Slope  the  forma- 
tion consists  of  two  diverse  phases,  one  of  which  is  composed 
of  dissimilar  parts ;  in  the  Southern  Atlantic  and  Eastern  Gulf 
slopes  the  brick  clays,  bowlder  beds,  and  veneers  of  local  debris 
of  the  north  are  replaced  by  the  '*  second  bottoms "  and  coast 
sands;  and  in  the  Mississippi  embayment  the  formation  is  rep- 
resented by  the  stratified  clays,  silts,  and  sands  of  the  Port 
Hudson,  and  the  strongly  individualized  loess  with  its  basal 
gravel  beds.     Yet  these  widely  diverse  deposits  represent  a 
general  condition  of  submergence   varying  in  amount  from 
region  to  region,  in  a  gradual  manner ;  the  basal  unconformities 
are  alike,  and  represent  like  conditions  of  continent-growth  ;  and 
the  degradation  suffered  by  the  formation  in  its  various  parts 
is  indicative  of  like  antiquity.     Again,  one  local  phase  found 
in  the   Middle   Atlantic   Slope  tells  of  local  activity  of  the 
rivers,  the  other  tells  of  a  general  activity  of  estuarine  waves 
and  currents,  and  both  tell  of  glacial  cold ;  the  testimony  of 
glacial  cold  fails  in  the  Southern  Atlantic  and  Eastern  Gulf 
slopes,  but  there  one  phase  tells  of  river  work  and  estuarine 
conditions,   and   another  of   wave    work  and   marine    condi- 
tions, both  operating  on  a  distinctive  local  formation.     So,  too, 
the  loess  and  the  subjacent  gravel  beds  in  the  Mississippi  em- 
bayment tell  of  glacial  cold  m  the  upper  reaches  of  the  river, 
accompanied  first  by  a  stimulated  transportation  and  subse- 
quently by  such  submergence  as  to  slacken  the  waters  and 
precipitate  fine  debris ;  while  the  Port  Hudson  clays,  silts,  and 
sands  tell   of  submergence   and   estuarine  deposition   in    the 
brackish  waters  of  an  arm  of  the  Gulf.     Thus  the  general  con- 
option  represented  by  the  deposit  is  everywhere  the  same; 
'^^ile  the  local  variations  may  be  ascribed  to  varying  local  con- 
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ditions.  The  formation  has  indeed  been  connected  stratieraph- 
icallj  between  its  most  widely  diverse  phases  and  throughout  n 
considerable  part  of  its  area ;  but  the  absolute  identification  of 
the  various  parts  of  a  formation  so  diverse  in  compositioD,  so 
vast  in  area,  and  so  unequal  in  hypsographic  distribution,  is 
rendered  posssible  and  satisfactory  only  by  the  homogenic 
method  of  correlation. 

The  value  of  thfe  method  is  still  better  illustrated  by  the 
Appomattox :  This  formation  is  frequently  buried  beneath 
newer  deposits,  and  frequently  and  widely  divided  by  erosion 
over  large  areas,  so  that  connection  of  the  exposures  by  strati- 
graphic  continuity  is  impracticable.  It  is  essentially  uufos- 
siliferous  in  the  exposures  thus  far  examined,  so  that  paleon- 
tologic  correlation  is  impracticable ;  and  while  its  materials, 
texture  and  structure  are  moderately  constant,  they  are  too 
variable  to  warrant  correlation  by  petrography  alone.  Yet  it 
is  evident  that  the  various  parts  of  the  formation  are  littoral 
or  sub-littoral ;  that  all  represent  temporary  incursion  of  the 
sea  upon  a  long-sculptured  land  surface ;  tnat  all  are  affected 
by  the  composition  of  the  subterrane ;  that  all  are  affected  by 
the  proximity  of  rivers  flowing  along  the  present  water  lines; 
that  the  materials  everywhere  comprise  certain  constant  ele- 
ments ;  and  that  the  structural  relations  of  the  formation  are 
essentially  identical  throughout  its  extent  So  this  formation, 
like  the  Columbia,  tells  oi  a  uniform  general  condition  and  of 
certain  easily  discriminated  local  conditions;  and  its  varions 
parts  may  thus  be  confidently  correlated  by  homogeny.  The 
formation  has  indeed  been  traced  and  connected  as  far  as  pos- 
sible by  stratigraphic  continuity  through  thousands  of  expos- 
ures ;  but  the  isolated  knobs  projecting  through  newer 
deposits  and  the  isolated  remnants  leit  by  erosion,  and  indeed 
the  regional  developments  of  the  orange-hued  deposit  could 
never  have  been  satisfactorily  identified  save  by  homogen}% 

Eventually  the  formation  will  be  confidently  correlated  with 
certain  topographic  stages  displayed  in  the  Piedmont  and 
Appalachian  regions  of  the  Southern  Atlantic  and  Eastern 
Gulf  slopes ;  but  this  correlation  remains  for  fuller  develop 
ment  through  future  work. 

It  should  be  pointed  out  that  neither  the  Columbia  nor  the 
Appomattox  adequately  illustrates  the  value  of  homogenic 
correlation,  by  reason  of  their  poverty  in  fossils.  Thus  far 
paleontologic  correlation  has  been  based  upon  certain  explicit 
or  implicit  assumptions  concerning  the  geographic  distribution 
of  organisms  and  the  relations  between  organisms  and  environ- 
ment during  past  ages;  i.  e.,  it  has  been  commonly  assumed  by 
paleontologists  that  the  geographic  distribution  of  organisms 
and  their  relations  to  environmental  conditions  in  the  past 
were  much  the  same  as  those  of  the  present.     But  when  the 
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geologic  formations  are  correlated  by  the  physical  method,  the 
geographic  distribution  of  organisms  and  tne  relations  between 
organisms  and  environment  daring  the  geolog^ic  periods  may  be 
determined  with  only  less  accuracy  than  the  like  conditions 
are  determined  to-day.  So,  by  homogenic  correlation,  the  ebb 
and  flow  in  the  rtany  branches  of  the  vital  stream  during  long 
past  eons  will  be  measured,  homotaxis  will  blend  with  homogeny, 
and  the  cosmogony  which  it  is  the  province  of  geology  to  de- 
velop will  be  refined  and  ennobled. 

By  reason  of  its  prevalence,  its  distinctive  coloration,  and  its 
fairly  homogeneous  composition,  the  Appomattox  formation  is 
the  most  conspicuous  deposit  of  the  Coastal  Plain  between  the 
Roanoke  and  the  Mississippi ;  over  much  of  this  vast  area 
it  has  l)een  traced  in  thousands  of  exposures  and  extensively 
connected  by  stratigraphic  continuity,  yet  the  observations 
have  been  fully  interpreted  and  the  exposures  finally  correlated 
by  homogeny ;  and  it  is  largely  through  the  application  of  this 
method  of  study  that  the  formation  has  been  found  to  be  a 
well  defined  and  indivisible  structural  unit,  representing  a 
single  clearly  defined  episode  in  the  development  of  the  conti- 
nent. So  distinctive  is  the  orange-hued  loam,  and  so  definite 
the  history  recorded  within  it,  that  it  is  destined  to  rank  as  a 
great  datum  formation,  from  which  the  stratigraphy  and  geo- 
logic history  of  the  Coastal  Plain  must  be  reckoned  downward 
and  backward  as  they  are  reckoned  upward  and  forward  from 
the  Potomac. 

Hitherto  no  geologist  has  been  able  to  form  a  definite  con- 
ception of  the  physiography  of  the  southeastern  part  of  the 
continent  during  any  given  period.     The  episodes  were  too 
short  and  the  distances  too  long  to  permit  satisfactory  paleon- 
tologic  correlation ;  the  deposits  vary  from  state  to  state,  and 
from   Gulf  province  to  Atlantic  province;  beds  come  in  and 
beds  run  out ;  limestones  change  to  shale  and  shales  to  sand- 
stone; with   the   changes  in   material   there   are   changes   in 
fossils,  and  the  complex  history  recorded  in  the  everchanging 
series  has  never  been  raveled ;  and  not  half  the  total  thick- 
ness of  the  beds  yields  faunse  or  florse   in   sufficient  wealth 
for  close  chronologic  identification.      Geologists  have  indeed 
formed    general    conceptions    of    the    development    of    the 
province ;    but  they  have  been  hazy  in  detail,  shadowy  with 
respect  to  the  succession  of  events,  and  vague  with  respect  to 
quantitative  measures  of  time  or  deposit.     But  the  Appomat- 
tox formation,   with   the   method   of  homogenic   correlation 
which  it  largely  inspired,    enables    the   student  to   represent 
graphically  and  with  fair  accuracy  the  physiography  of    the 
sontheastem   part   of    the    continent   during   a    well   defined 
episode. 
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Art.  III. — An  experimental  proof  of  Ohm^s  Law:  pre- 
ceded hy  a  short  account  of  the  discove7*y  and  subsequent 
verification  of  the  law  ;  by  Alfred  M.  Mayer. 

I  PURPOSE  giving  in  this  paper  a  simple  and  direct  experi- 
mental proof  of  Ohm's  law,  (C=~|.  Generally  a  mere  for- 
mal statement  of  this  law  with  illustrations  are  given  in  text 
books  on  Physics,  and  the  student  is  left  to  infer  that  its  troth 
is  shown  by  the  cumulative  evidence  given  by  the  immense 
number  of  quantitative  relations  in  electrical  actions  which  the 
law  associates,  and  by  the  experience  that  deductions  made  on 
the  basis  of  this  law  agree  in  measure  with  the  results  of  ex- 
periments. The  latter  fact  is  certainly  one  of  the  best  proofs 
of  the  truth  of  the  law ;  but,  nevertheless,  the  relations 
between  C,  E  and  R  are  not  directly  and  simultaneously  shown 

E 
to  be  exactly  expressed  by  C==.     It  is  true  that  some  works 

give  experiments  to  show  this  relation  but  they  are  so  difficult 
to  perform  by  reason  of  the  difficulty  of  maintaining  constant 
C,  E  and  R,  that  the  results  of  the  experiments  only  approxi- 
mate to  those  required  by  the  law. 

Ohm  was  led  to  the  conception  of  this  law  by  assuming 
that  the  flow  of  electricity  in  a  voltaic  circuit  is  similar  to 
the  flow  of  heat  by  conduction  in  a  rod  of  indefinite  extent. 
Also,  his  assumptions  that  the  actions  of  two  electrified  parti- 
cles are  directly  as  their  distance  and  that  the  electricity  is 
uniformly  dense  over  each  cross  section  of  a  conducting  wire 
were  directly  opposed  to  the  laws  and  facts  well  established  by 
Coulomb  for  statical  electricity.  It  is  not  surprising  that 
scientific  men  were  slow  in  adopting  the  views  and  theory  of 
Ohm.  In  his  memoir  (Die  Galvanische  Kette  mathematisch 
bearbitet  von  Dr.  G.  S.  Ohm:  Berlin,  1827),  he  states:* 
"  Three  laws,  of  which  the  first  expresses  the  mode  of  distri- 
bution of  the  electricity  within  one  and  the  same  body, 
the  second  the  mode  of  dispersion  of  the  electricity  in  the 
surrounding  atmosphere,  and  the  third  the  mode  of  appearance 
of  the  electricity  at  the  place  of  contact  of  two  heterogeneouB 
bodies,  form  the  basis  of  the  entire  memoir,  and  at  the  same 
time  contain  everything  that  does  not  lay  claim  to  being  com- 
pletely established.  The  two  latter  are  purely  experimental 
laws;  but  the  first,  from  its  nature,  is,  at  least  partly  theo- 
retical. 

*Seo  traoslaiioQ,  published  in  vol.  ii.  of  Taylor's  Scieotific  Memoirs,  p.  409- 
London,  1841. 
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"  With  regard  to  this  first  law,  I  have  started  from  the  sup- 
position that  the  communication  of  the  electricity  from  one 
particle  takes  place  directly  only  to  the  one  next  to  it,  so  that 
no  immediate  transition  from  that  particle  to  any  other  sitaate 
at  a  greater  distance  occurs.    The  magnitude  of  the  transition 
between  to  adjacent  particles^  under  otherwise  exactly  similar 
circumstances,  I  have  assumed  as  being  proportional  to  the 
difference  of  the  electric  forces  existing  in  the  two  particles  ; 
juBt  as  in  the  theory  of  heat,  the  transition  of  caloric  between 
two  particles  is  regarded  as  proportional  to  the  difference  of 
their  temperatures.     It  will  thus  be  seen  that  I  have  deviated 
from  the  hitherto  usual  mode  of  considering  molecular  actions 
introduced  by  Laplace ;  and  1  trust  the  path  I  have  struck 
into  will  recommend  itself  by  its  generality,  simplicity,  and 
clearness,  as  well  as  by  the  light  it  throws  upon  the  character 
of  former  methods. 

With  respect  to  the  dispersion  of  electricity  in  the  atmos- 
phere, I  have  retained  the  law  deduced  from  experiments  by 
Coulomb,  according  to  which,  the  loss  of  electricity  in  a  body 
surrounded  by  air,  in  a  given  time,  is  in  proportion  to  the  force 
of  the  electricity,  and  to  a  coefficient  dependent  on  the  nature 
of  the  atmosphere.  A  simple  comparison  of  the  circumstances 
under  which  Coulomb  performed  his  experiments,  with  those 
at  present  known  respecting  the  propagation  of  electricity, 
showed,  however,  that  in  galvanic  phenomena  the  influence  of 
the  atmosphere  may  almost  always  be  disregarded.  In  Cou- 
lomb's experiments;  for  instance,  the  electricity  driven  to  the 
surface  of  the  body  was  engaged  in  its  entire  expanse  in  the 
process  of  dispersion  in  the  atmosphere ;  while  in  the  galvanic 
circuit  the  electricity  almost  constantly  passes  through  the 
interior  of  the  bodies,  and  consequently  only  the  smallest 
portion  can  enter  into  mutual  action  witn  the  air ;  so  that  in 
this  case,  the  dispersion  can  comparatively  be  but  very  incon- 
siderabla  This  consequence,  deduced  from  the  nature  of  the 
circumstances,  is  confirmed  by  experiment;  in  it  lies  the 
reason  why  the  second  law  seldom  comes  into  consideration. 

The  mode  in  which  electricity  makes  its  appearance  at  the 
place  of  contact  of  two  different  bodies,  or  the  electrical 
tension  of  these  bodies,  I  have  thus  expressed  :  when  dissimilar 
Wies  touch  one  another,  they  constantly  maintain  at  the 
point  of  contact  the  same  difference  between  their  electro- 
scopic  forces  [potentials]. 

With  the  nelp  of  these  three  fundamental  positions,  the 
conditions  to  which  the  propagation  of  electricity  in  bodies  of 
^nykind  and  form  is  subjected  may  be  stated.  The  form  and 
treatment  of  the  differential  equations  thus  obtained  are  so 
similar  to  those  given  for  the  propagation  of  heat  by  Fourier 
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and  Poisson,  that  even  if  there  existed  no  other  reasons*  we 
might  with  perfect  justice  draw  the  conclusion  that  there 
exists  an  intimate  connection  between  both  natural  phenomena; 
and  this  relation  of  identity  increases,  the  farther  we  pursae 
it.  These  researches  belong  to  the  most  difficult  in  mathemat- 
ics, and  on  that  account  can  only  gradually  obtain  general 
admission ;  it  is  therefore  a  fortunate  chance,  that  in  a  not 
unimportant  part  of  the  propagation  of  electricity,  in  conse- 
quence of  its  peculiar  nature,  those  difficulties  almost  entirely 
disappear." 

From  these  premises,  and  guided  by  results  of  experiments 
made  by  him  and  by  Ritter,  Erman,  Jager,  Davy  and  Bee- 
querel  he  arrived  at  the  following  conditions  as  existing  in  a 
voltaic  circuit. 

1.  In  a  homogeneous  conductor,  forming  part  of  a  voltaic 
circuit,  the  difference  of  the  electric  tensions  at  any  two  points 
of  the  conductor  is  proportional  to  their  distance. 

2.  In  different  conductors  forming  part  of  a  circuit,  the 
difference  of  tensions  at  two  points  separated  by  an  interval 
equal  to  the  unit  of  length  is  in  the  inverse  ratio  of  the  sec- 
tion of  the  conductor  and  of  its  coefficient  of  conductivity. 
Hence,  in  different  conductors,  equal  differences  of  tension 
correspond  to  lengths  whose  electric  resistance  is  the  same. 

3.  At  the  point  of  contact  of  two  different  conductors,  there 
is  a  sudden  variation  of  electric  tension. 

4.  If  A  equals  the  sum  of  the  electro-motive  forces,  L  the 
resistances,  X  the  resistance  reckoned  from  a  point  m  of  the 
circuit  to  a  point  jp  when  the  tension  is  zero,  the  tension  at 
the  point  m  is  given  by  the  formula 

Ohm  eventually  arrives  at  the  formula  S=y,  which  expresses 

what  is  generally  known  as  his  law.  Which  formula,  he  says, 
"  is  generally  true,  and  already  reveals  the  equality  of  the  force 
of  the  current  at  all  points  of  the  circuit ;  in  other  words  it 
may  be  thus  expressed  :  The  force  of  the  current  in  a  galvanic 
circuit  is  directly  as  the  sum  of  all  the  tensions,  and  inversely 
as  the  entire  reduced  length  of  the  circuit,  bearing  iu  mind 
that  at  present  by  reduced  length  is  understood  the  sum  of  all 
the  quotients  obtained  by  dividing  the  actual  lengths  corres- 
ponding to  the  homogeneous  parts  by  the  product  of  the 
corresponding  conductivities  and  sections." 

The  words  "  tension  "  {Spannung)  and  ''  electromotive  force" 
used  by  Ohm  are  the  equivalent  of  the  word  potential.  He 
was  the  first  to  introduce  this  conception  into  the  theory  of 
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J  voltaic  circuit  and  to  the  above  words  and  to  current  and 
istance  he  attached  preclBe  meanings  and  showed  the  rela- 
[18  existing  between  those  quantities.  The  clear  definitions 
m  gave  ox  these  terms  marked  a  transition  from  vagne  ideafi 
"quantity"  and  "intensity"  to  the  clear  conceptions  of 
lential,  electromotive  force,  current  and  resistance.  The 
rd  energy  he  also  used  with  clear  and  accui:ate  meaning 
ie  shown  in  the  following  statement :  "  that  the  decompos- 
;  force  of  the  circuit  is  in  direct  proportion  to  the  energy 
the  current,  and  moreover,  that  it  depends  on  a  coefficient, 
be  derived  from  the  nature  of  the  constituent  parts  and 
jir  chemical  equivalents."  This  was  published  in  1827,  six 
ITS  before  Faraday's  researches  on  electrolysis. 
Neither  Ohm  nor  his  contemporaries  were  able  to  test  the 
ith  of  the  four  statements  ^ven  above  as  embodying  Ohm's 
jory.  It  was  reserved  for  Kohlrausch  in  1849  to  show  by 
py  ingenious  and  accurate  experiments  that  Ohm's  state- 
jnts  were  true  in  mode  and  in  measure.  Kirchhoff*  and 
lincke  f  applied  with  success  Ohm's  theory  to  the  flow  of 
ctricity  in  thin  conducting  plates,  or  bodies  of  two  dimen- 
ns,  and  the  same  was  done  by  Smaasen  X  not  only  in  a  plane 
t  in  bodies  of  three  deraensions.  The  most  remarkable  con- 
mation  of  Ohm's  law  was  made  in  1876  §  by  experiments, 
jested  by  Maxwell  and  performed  by  Chrystal  in  the 
vendish  Laboratory,  Cambridgej  "in  which  the  testing  of  this 
r  seems  to  have  been  carried  to  the  limit  of  experimental 
tonrces." 

Though  Ohm's  law  has  thus  received  such  ample  verification 
it  it  ranks  with  the  best  established  laws  of  nature,  yet,  as 
ixwell  says,  "  Ohm's  law  must,  at  least  at  present,  be  con- 
lered  a  purely  empirical  one.  No  attempt  to  deduce  it  from 
re  dynamical  pnnciples  has  as  yet  been  successful.  .  .  . 
le  conduction  of  electricity  through  a  resisting  medium  is  a 
dcess  in  which  part  of  the  energy  of  an  electric  current, 
wing  in  a  definite  direction,  is  spent  in  imparting  to  the 
>Iecules  of  the  medium  that  irregular  agitation  which  we 
1  heat.  To  calculate  from  any  hypothesis  as  to  the  molec- 
ir  constitution  of  the  medium  at  what  rate  the  energy  of  a 
ren  current  would  be  spent  in  this  way,  would  require  a  far 
>re  perfect  knowledge  of  the  dynamical  theory  of  bodies 
m  we  at  present  possess.  It  is  only  by  experiments  that  we 
1  determine  the  laws  of  processes  of  which  we  do  not  under- 
nd  the  dynamical  theory." 

*Pogg.  Ann.,  t.  Ixiv,  1845.  and  t.  Ixvii,  184G. 

tPogg.  Ann.,  t.  xcvii,  1856. 

t  Pogg.  Ann.,  t  Ixiv,  and  t.  Ixxii. 

§Brit.  Assoc.  Kept,  1876,  p.  36. 
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Sarely  if  an  experimeDt,  that  is  easily  made,  shows  th& 
truth  of  a  law  of  such  theoretical  and  practical  importance 
as  that  of  Ohm,  even  if  it  is  one  restricted  in  its  range  of  G, 

E 

E  and  E,  but  shows  within  its  limitations  the  relations  C=^» 

then  it  should  be  made  by  all  teachers  of  Physics  so  that  clear 
physical  conceptions  of    those   relations    may   be    given    to 
studenta     As  those  who   have  seen  these   experiments  have 
deemed  them  worthy  of  being  more  generally  known,  I  now 
publish  an  account  of  them. 


In  the  diagram  the  parts  of  tlie  apparatus  are  shown,  but 
not  lit  their  relative  distances  apart  or  in  the  proper  propor- 
tions as  to  size.  G  is  a  low-resistance  Thomson -galvanometer. 
At  L  is  the  condensing  lens  of  a  lime  light  lantern,  which  is 
covered  with  a  cap  having  a  rectangular  opening  in  it  Across 
the  middle  of  this  slit  is  a  vertical  wire.  The  scale  of  the 
galvanometer  is  at  C,  distance  165"="'*  from  the  mirror  of  the 
galvanometer.  The  width  of  the  divisions  on  this  scale  are 
2.501..*^  and  the  lines  are  drawn  2  5'"""*  in  breadth,  or  j'^  the 
distance  apart  of  the  centers  of  the  lines  forming  a  unit  of  the 
scale.  The  scale  is  at  such  distance  from  the  galvanometer- 
mirror  that  the  image  of  the  vertical  slit  just  fits  in  the  space 
of  a  scale  unit,  while  the  breadth  of  the  image  of  the  vertical 
wire  is  exactly  e([ual  to  the  breadth  of  a  scale  line.  This 
arrangement  gives  the  means  of  observing  a  deflection  of  the 
beam  of  light  to  y^  and  V^  of  a  unit  with  quickness  and 
accuracy. 

The  image  of  the  slit  is  so  bright  and  that  of  the  wire  so 
distinct  that  this  method  of  observing  deflections  of  the 
galvanometer  may  be  used  in  broad  day  light  and  the  deflec- 
tions may  be  read  throughout  the  room. 
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An  incandescent  electric  lamp  with  a  part  of  its  surface 
ehind  the  plane  of  its  filament)  silvered  may  replace  the 
ne-light.  Thanks  to  this  arrangement,  I  have  been  able 
iring  many  years  to  make  before  my  class  electrical  measui'e- 
ents,  and  to  measure  the  radiation,  reflection,  refraction, 
^athermancy  and  polarization  of  radiant  heat. 

At  M  is  a  magnet  25*"*  long  and  1^*^'  in  diameter.  On  this 
lagnet  slides  a  wooden  disc.     At  K  is  box  containing  1,  2  and 

Ohms  of  resistance,  made  of  coils  of  copper  wire. 

An  insulated  copper  wire  wound  at  its  middle  in  a  circle  of 
ne  coil,  or  in  a  spiral  of  any  number  of  coils  is  placed  over  the 
lagnet  and  rests  on  the  top  of  the  wooden  disc.     The  figure 


shows,  (one-half  size)  how  this  circle  of  one  coil  is  made.  It 
is  bent  around  a  wooden  cylinder  3^*^"*  in  diameter,  and  then 
the  free  ends  of  wire  are  bent  one  half  turn  on  each  other. 
The  free  lengths  of  the  wire  are  then  lashed  to  a  light  square 
rod  of  wood  as  shown  in  figure.  The  wire  and  rod  are  then 
coated  with  shellac  to  cement  them  firmly  together.  Rings  of 
spirals  of  2,  3,  4,  5  and  6  coils  are  also  made  in  the  same 
manner,  but  the  coils  are  in  a  spiral,  i.  e.  in  one  plane,  and  are 
then  cemented  together  with  shellac  between  rings  of  thin 
card-board. 

The  length  of  wire  forming  each  of  these,  rings  of  spiral 
coils  with  the  portion  on  its  handle  is  one  meter  long. 

The  resistance  of  this  length  of  wire  added  to  the  resistance 
of  the  lengths  between  it  and  G  and  R,  together  with  the 
resistance  of  the  galvanometer  is  (for  convenience)  made  one 
ohra. 

It  may  be  well  here  to  speak  of  the  adjustment  of  the  gal- 
vanometer before  describing  the  experiments,  for  I  have 
noticed  in  some  laboratories  and  lecture  rooms  galvanometers 
which  are  used  not  as  they  should  be.  I  have  noticed  that 
the  damping-magnet  formed  a  considerable  angle  with  the 
plane  of  the  coil.  This  was  either  because  the  median  plane 
of  the  coil  was  not  in  the  magnetic  meridian  or  because  there 
was  considerable  torsion  in  the  suspending  thread. 

In  these  galvanometers,  or,  at  least,  in  mine,  the  median 
plane  of  the  coil  is  placed  parallel  to  the  faces  of  the  drum  of 
the  instrument.  The  plane  of  one  of  these  faces  is  brought  in 
the  magnetic  meridian  of  the  room,  which  has  been  carefully 
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drawn  on  the  table  under  the  vertical  center  line  of  the  gal- 
vanometer coil,  by  means  of  a  long  magnetic  needle  monnted 
like  those  used  on  plane-tables.  A  line  at  right  angles  to  this 
meridian  is  now  drawn  so  that  its  point  of  intersection  with  the 
meridian  line  shall  be  exactly  under  the  suspending  thread  of 
the  mirror.  In  the  vertical  plane  of  the  line,  drawn  at  right 
angles  to  the  meridian,  is  placed  the  vertical  wire  in  the  slit  of 
the  lantern,  L,  and  also  the  zero  line  of  the  scale  C.  The 
scale  is  parallel  to  the  magnetic  meridian.  The  galvanometer 
is  now  placed  in  the  position  given  above  and  the  "  directing 
magnet^'  removed  to  a  distance.  The  ima^^e  of  the  vertical 
wire  at  L  will  now  be  found  on  the  zero  oi  the  scale  if  there 
is  no  torsion  in  the  suspending  thread.  If  it  does  not  come  to 
zero  then  the  head  of  the  rod  to  which  the  thread  is  attached 
is  turned  till  image  of  wire  coincides  with  zero  of  scale,  and 
then  the  instrument  is  in  adjustment,  and  it  will  give  deflec- 
tions as  the  tangents  of  the  strength  of  current,  or,  in  other 
words,  the  current  strength  will  be  directly  as  the  readings  on 
the  scale.  The  magnet  M  is  now  placed  so  that  it  causes  no 
movement  of  beam  from  the  zero  oi  the  scale.  The  directing 
magnet,  above  the  coil,  is  now  so  adjusted  that  the  time  of  an 
oscillation  of  the  magnets  of  the  galvanometers  is  above  5 
seconds. 

The  coil,  E,  over  the  magnet  is  put  in  the  circuit  of  G  and 
R  The  wires  between  E  and  G  and  R  are  twisted  and  tied 
together  so  that  no  induced  current  from  the  earth's  magnet- 
ism may  be  caused  by  the  motions  of  this  part  of  the  circuit. 
The  image  of  wire  is  on  zero  of  scale.  Now  on  rapidly  lifting 
the  coil  from  around  the  magnet  a  deflection  is  produced  by 
the  magneto  electric  current  thus  generated.  It  is  sufficient  to 
know  that  the  cause  of  this  current  is  the  quick  lifting  of  the 
ring  with  one  coil.  If  we  replace  this  by  a  ring  of  two  coils 
we  get  twice  the  deflection,  and  rings  of  3,  4,  6,  and  6  coils 
gives  3,  4,  5,  and  6  times  the  deflection  given  by  the  ring  with 
one  coil.  Adopting  the  conception  of  the  lines  of  magnetic 
force,  we  say  that  the  ring  with  one  coil  cuts  a  certain  number 
of  these  lines,  this  cutting  of  the  lines  causes  the  current,  and 
is  the  ehctromotive  force.  The  ring  with  two  coils  makes  two 
cuts  of  these  same  lines,  or,  cuts  double  the  number  of  lines, 
the  rings  of  3,  4,  5  and  6  coils  cut  3,  4,  5  and  6  times  the 
number  of  lines  and  hence  give  3,  4,  5  and  6  times  the  electro- 
motive force. 

In  these  experiments  the  resistance  of  the  circuit  has  re- 
mained constant.  Now  take  the  ring  with  5  or  6  coils  and  let 
us  have  one  ohm  as  resistance  of  circuit.  On  lifting  ring  from 
magnet  we  get  a  certain  deflection,  which  we  may  make  ex- 
actly equal  to  a  whole  number  of  the  units  of  the  scale  by 
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liding  up  or  down  the  disc  on  the  magnet.  We  now  take  out 
Jug  of  resistance  box  and  make  resistance  of  circuit  two  ohms. 
?he  deflection  of  the  galvanometer  magnet  now  becomes  one 
lalf  of  that  of  previous  experiment,  and  successively  making 
he  circuit  with  resistances  of  3,  4,  5,  6,  and  7  ohms  we  get, 
y  i>  1?  ij  *^d  \  of  ^^  deflection  we  got  with  one  ohm  in 
ircnit. 

When  these  experiments  are  made  with  the  galvanometer  in 
perfect  adjustment,  and  with  the  precautions  indicated  below, 
he  deflections  arrive  one  after  the  other  exactly  as  the  law 
eqnires.  Thus  showing  with  sufficient  precision  for  a  lecture 
xperiment  that  the  current  is  directly  as  the  electromotive 
orce  and  inversely  as  the  resistance.  Indeed  generally  the 
losest  scrutiny  does  not  detect  in  the  scale  reading  any  de- 
parture from  the  law. 

Certain  precautions  are,  however,  necessary  in  these  experi- 
aents.  The  resistance  outside  the  galvanometer  must  be  of 
•opper  wire,  for  such  is  the  wire  of  the  galvanometer.  Also, 
be  whole  of  the  apparatus  must  be  put  together  the  day  before 
ve  make  the  experiments,  and  the  room  maintained  at  as  con- 
tant  a  temperature  as  possible,  so  that  the  temperature  of  all 
>art8  of  the  apparatus  is  the  same.  The  deflections  should  not 
exceed  15  divisions  of  the  scala  Thus,  if  we  start  with  16  divis- 
ons  of  deflection  for  a  resistance  of  one  ohm  we  will  get  7*5 ; 
) ;  3'76 ;  3 ;  2*5  ;  and  2*148  deflections  for  resistances  oi  circuit 
>f  2,  3,  4,  5,  6  and  7  ohms ;  and  if  with  a  constant  resistance 
^e  obtain  a  deflection  of  2  divisions  of  scale  with  a  ring  of  one 
joil,  we  will  get  deflections  of  4,  6,  8,  10,  and  12,  with  rings 
laving  2,  3,  4,  5  and  6  coils. 

It  is  necessary  that  the  coils  should  be  removed  from  the 
nagnet  very  quickly^  otherwise  the  deflections  will  not  be  as 
;he  law  requires.     In  other  words,  the  currents  produced  should 
3e  as  instantaneous  as  can  be  obtained.     Instead  of  rapidly  re- 
oaoving  the  coils  by  the  hand,  I  have  sometimes  lashed  the  coil 
and  their  handles  to  a  spring  board  with  a  hole  in  it  which 
went  over  the  magnet.     By  a  trigger  this  spring-board  is  re- 
leased.    We  thus  get  the  same  velocity  in  lifting  the  coil  in 
each  experiment     We  have  found,  however,  that   the  hand 
of  a  good  experimenter  gives  precise  results.     Sometimes  I 
have  sent  the  coil  from  the  magnet  by  the  blow  of  a  stick 
delivered  on  the  under  side  of  the  handle  of  the  coil  at  its 
center  of  percussion.     There  is  no  doubt  some  departure  from 
the  law  in  these  experiments,  for  it  is  not  possible  in  such  ex- 
periments to  obtain  what  is  understood  by  instantaneous  cur- 
rents; and  the  damping  of  the  magnet  by  the  mirror  acting 
on  the  air  must  come  into  play.     Yet  I  have  never  seen  any 
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bat  insignificant  and  barely  discemable  departures  from  de^ 
flections  required  by  the  law.  This  follows  from  the  small 
angles  of  deflections  and  low  velocity  of  the  motion. of  the 
galvanometer  magnet  in  the  experiments.  It  is  also  to  be 
noticed  that  with  a  £:ood  magnet  of  the  size  stated,  and  with 
the  galvanometer  making  one  vibration  in  about  5  seconds,  the 
coil  with  5  turns  passes  over  only  2  cms.  or  less,  of  end  of 
magnet  in  order  that  it  shall  give  a  deflection  of  15  divisiom 
of  scale.  It  is  evident  that  in  these  conditions  a  very  short 
time  is  occupied  in  cutting  the  lines  of  force.  If  the  max- 
imum deflection  used  is  15  divisions  of  the  scale,  the  actDiI 
angular  deflection  of  the  magnets  and  mirror  amounts  to  only 
6^  29'.  Yet  15  divisions  are  quite  a  length  on  the  scale,  being 
equal  to  37*5  cms.  But  these  experiments  may  be  as  readily 
made  with  a  ballistic  galvanometer.  Then  the  magnets  and 
coils  have  to  be  of  larger  dimensions. 

Experiments  similar  to  those  given  have  served  to  graduate 
galvanometers.  We  have  here  the  means  of  sending  definite 
amounts  of  currents  through  an  ordinary  galvanometer  and  we 
may  thus  graduate  its  angular  readings  into  their  relative 
values  in  current.  The  damping  of  tne  galvanometer  has, 
however,  to  be  applied  to  the  readings,  and  then  the  results 
may  best  be  put  in  the  form  of  a  curve. 

Stevens  Institute  of  Technology,  Hoboken,  N.  J. 


Art.  IV. — Microscope  Magnification ;  by  W.  LeConte 

Stevens. 

When  a  lens  is  interposed  as  magnifier  between  the  eye  and 
an  object,  it  produces  a  virtual  image  of  this,  the  acconimoda- 
tion  of  the  eye  being  so  adjusted  as  to  relax  the  ciliary  muscle 
and  thus  secure  the  most  comfortable  vision.  For  normal  eyes 
this  occurs  when  the  entering  rays  are  parallel,  rather  than 
when  the  accommodation  is  for  the  conventional  near  point  of 
distinct  vision.  The  position  of  the  virtual  image  is  hence 
indeterminate ;  but  by  common  consent  it  has  been  generally 
agreed  to  consider  its  distance  on  the  axial  line  to  be  10 
inches,  or  254  millimeters,  from  the  optical  center  of  the  len& 

It  can  l>e  easily  shown  that,  if  the  lens  and  object  be  fixed, 
the  increase  of  visual  angle  produced  is  a  maximum  when  the 
eye  is  closest  to  the  lens.  It  is  never  possible  to  measure 
accurately  the  distance  from  the  optical  center  of  the  lens  to 
that  of  the  refracting  combination  composing  the  observers 
eye.  In  theoretical  calculations  an  allowance  should  be  made 
for  it ;  practically  it  is  regarded  as  zero. 


i- 
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By  some  authors  a  distinction  is  made  between  the  terms 
^' magnification"  and  "amplification,"  and  still  further  be- 
tween "  relative,"  "  comparative,"  and  "  absolute  "  amplifying 
power.*  Whatever  may  be  the  value  of  these  distinctions  in 
theory  the  writer  can  find  no  good  reason  for  discarding  the 
familiar  term,  magnification,  to  denote  the  ratio  of  the  diam- 
eters of  the  retinal  images  produced  with  and  without  the 
magnifying  lens,  or  system  of  lenses,  respectively.  The  con- 
ditions under  which  the  magnifying  system  is  employed  are  to 
some  extent  arbitrary. 

To  compute  the  magnification  given  by  a  microscope  it  is 
necessary  to  multiply  together  the  separate  magnifications  due 
to  the  eye-piece  ana  objective  employed.  Unfortunately  the 
nomenclature  of  eye-pieces  and  objectives  is  still  far  from  sat- 
isfactory; and  it  would  perhaps  be  safe  to  say  that  the 
majority  of  persons  who  employ  them  are  unable,  under  exist- 
ing limitations,  to  do  more  than  accept  certain  labels  and  use 
these  in  calculation.  But  the  labels  are  misleading.  To  call 
an  eye- piece  "  shallow  "  or  "  deep,"  or  to  name  it  an  A,  B,  or 
C  eye-piece,  affords  no  definite  idea  of  its  power.  Such  arbi- 
trary and  useless  designations  deserve  to  be  abolished.  An 
eye-piece  should  be  labeled  with  its  equivalent  focal  length 
like  an  objective ;  and  in  each  case  the  label  should  be  accu- 
rate to  within  one  millimeter.  This  method  of  labeling  eye- 
pieces was  recommended  several  years  ago  by  the  American 
Society  of  Microscopists,  but  thus  far  there  has  been  very 
little  compliance  on  the  part  of  manufacturers.  Tables  of 
magnification  are  given  by  certain  firms  for  combinations  of 
objectives  with  eye-pieces  as  sold  by  them  ;  but  the  purchaser 
has  to  take  these  figures  on  trust.  They  are  professedly 
applicable  only  when  "standard  tube-length"  is  employed. 
Such  a  standard  exists  only  in  name  and  not  in  fact.  In  1887 
Professor  S.  H.  Gage,  of  Cornell  University,  applied  to  all  of 
the  prominent  makers  of  microscopes  in  the  world  for  infor- 
mation as  to  the  tube-length  for  which  their  objectives  were 
corrected,  enclosing  to  eacli  a  diagram  upon  which  should  be 
marked  those  points  on  the  microscope  body  which  were  taken 
as  the  limits  of  tube-length.  From  eighteen  of  these  firms,  in- 
cluding the  majority  of  those  addressed,  satisfactory  answers 
were  obtained.  Among  the  lengths  given,  the  following  in 
millimeters  may  be  taken  as  examples:  125,  146,  150,  160, 
165,  180,  190,  200,.  203,  216,  220,  228,  250,  25 1  The 
last  of  these  numbers  occurs  most  frequently,  corresponding  to 
10  inches.  Examination  of  the  diagrams  revealed  equal 
diversity  in  regard  to  the  points  taken  as  the  limits  of  tube 
length.  In  one  case  it  was  from  the  upper  surface  of  the  eye 
lei\8  to  the  lower  extremity  of  the  objective ;  in  another,  from 

*L.  Didelot,  "Du  Pouvoir  amplifiant  du  microscope,"  Paris,  1887. 
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the  upper  surface  of  the  field  lens  to  that  of  the  topmost  lens 
of  the  objective. 

The  present  writer  had  occasion,  some  time  since,  to  par- 
chase  a  binocular  microscope,  with  several  objectives  and  eye- 
pieces, for  which  a  table  of  magnification  was  furnished. 
Examination  of  this  table  showed  that  the  magnification  was 
calculated  by  dividing  100  by  the  product  of  what  were  caUed 
the  focal  lengths  oi  objective  and  eye-piece,  expressed  in 
inches.  On  inquiry  of  the  dealer  this  rule  was  found  to  be 
the  one  he  had  employed,  and  it  was  said  to  be  in  common 
use.  Its  results  were  admitted  to  be  only  approximate,  but  it 
was  supposed  to  be  near  enough  to  the  truth  for  most  prae- 
tical  purposes. 

It  has  seemed  desirable,  therefore,  to  test  this  rule,  and  in 
so  doing  to  search  out  a  few  points  that  may  possibly  be  of 
interest  to  those  who  use  the  microscope  as  a  physical  instni- 
ment.     Its  deduction  is  very  simple.     Let  the  object,  aJ,  be 


focalized  by  the  objective,  O,  at  a^b\  Oc  is  taken  as  the 
focal  length  of  the  objective,  and  Oc'  as  the  tube-length,  10 
inches.  If  m  be  the  magnifying  power  of  the  objective  alone, 
we  have, 

a'h'     10 

The  visual  angle,  a,  subtended  at  O  by  a'V  is  the  same  as  thai 
subtended  by  aJ,  if  an  eye  placed  at  O  were  capable  of  suffi- 
cient accommodation  to  secure  distinct  vision  at  so  short  a  dis- 
tance. The  image,  a'J',  is  viewed  with  an  eye-piece,  which 
increases  the  visual  angle  from  a  to  a\  producing  a  virtual 
image  which  is  assumed  to  be  10  inches  away.  If  tn/  be  the 
magnifying  power  of  the  eyepiece  whose  focal  length  is^, 
we  nave,  approximately, 

,     tan^«'      10 

m=:        -      = 

tan|«      /'* 

If  M  be  the  total  magnification,  the  result  therefore  is 

^r  /        100 

M  =  mm  =  .y;  .  .         .         .         (1). 

In  applying  this  formula,  if  previous  measurements  have 
not  been  made  upon  the  lenses  composing  the  eye-piece,  a 
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lifficulty  arises  in  regard  to  the  value  to  be  assigned  f^  since 
eve-pieces  ordinarily  nave  no  labels  more  intelligible  than  A, 
B,  or  C,  which  numerically  mean  nothing.  If  a  positive  eye- 
piece be  employed,  the  focal  length  of  its  two  lenses  being 
equal,  the  equivalent  focal  length  of  the  combination  is 
obtained  by  the  usual  formula,  it  that  of  either  of  the  tVo 
lenses,  and  the  interval  between  their  optical  centers,  be  meas- 
ured. In  case  the  eye-piece  be  negative,  a  majority  of  those 
in  use  belonging  to  this  class,  the  focal  length  of  its  eye  lens  is 
easily  found  by  allowing  for  its  thickness  and  measuring  down 
to  the  diaphragm  where  the  real  image  is  formed.  But  the 
size  of  this  image  has  been  decreased,  and  its  position  has  been 
changed  by  the  interposition  of  the  field  lens.  At  the  risk, 
therefore,  of  giving  what  seems  very  elementary,  it  may  be 
well  to  consider  briefly  the  theory  of  the  negative  eve-piece. 

We  may  assume  the  proportions  usually  said  to  "be  adopted 
in  the  construction  of  the  negative  eye-piece,  that  the  local 
length  of  the  field  lens  is  three  times  that  of  the  eye  lens,  and 
the  interval  between  these  equal  to  the  difference  of  their 
focal  lengths.  The  rays,  rr,  fig.  2,  converging  from  the 
objective  toward  the   point,  Q,   have  their  convergence   in- 


creased by  the  field  lens,  so  as  to  cross  at  Q'.  They  are  made 
parallel  by  the  eyelens,  and  emerge  so  as  to  produce  a  virtual 
image  which  to  the  receiving  eye  appears  in  the  direction  E  X. 
Hence  Q'  is  in  the  principal  focal  plane  of  the  eye  lens,  and  Q 
in  one  conjugate  focal  plane  of  the  objective. 

Let  EP'  =/'  =  focal  length  of  eye  lens. 
3/'  =/"  =  "  field  lens. 

LP  =  j!>   =  distance  of  virtual  point  of  radiance. 
LP'  =  ;t)'  =       "  actual        "        convergence. 

Then,  by  the  fundamental  law  of  lenses, 

1       1  __   1 

Since  EL=2/',  and  EP'=/',  we  havey=/'.     Hence, 


1 

7 


1> 


1 

3/' 


■■■p=-^f 
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...PQ  =  |PQ'. 

The  focal  plane  of  the  objective  is  hence  midway  between 
the  eje  lens  and  its  focal  plane;  and  the  diameter  of  the 
image  actually  viewed  with  this  lens  is  two-thirds  of  that 
which  woald  have  been  formed  if  the  field  lens  had  been 

absent.     If  we  assume  y.   as  the  magnifying  power  of  the 

objective  when  no  field  lens  is  nsed,  the  interposition  of  tins 

2  10 

lens  rednces  it  to  -.  — .     This  redaction  of  magnification  is 

3  f 

more  than  offset  by  the  well  known  advantages  which  the 
field  lens  confers.  Introducing  the  proper  correction  in 
formula  (1),  this  becomes 

Jl^    g     ^y/  .....  (2). 

Formula  (2)  implies  a  knowledge  of  the  focal  length  of  the 
objective  and  of  only  the  eye  lens.  To  find  the  equivalent 
focal  len£^h  of  the  eye-piece  combination,  let  F  stand  for  this 
length,  f^  and  /'"  for  those  of  eye  lens  and  field  lens  respect 
iveiy,  and  d  for  the  interval  between  these  lenses.  Then  the 
usual  formula  for  the  combination  is 

I  _  1        I  _     (/  . 

In  this  casey''=3/'  and  ^=2/1     Substituting,  we  have 

/'=|f (0- 

Introducing  this  value  of y  in  formula  (2),  the  result  is 

%r     100 

M=p-^ (5). 

The  value  of  /'  is  labeled  on  the  mounting  of  the  objective, 
and  that  of  F  is  easily  obtained  by  applying  formula  (4),/ 
being  found  without  calculation,  as  suggested  above,  if  gresX 
accuracy  is  not  required. 

In  formula  (5),  100  is  the  product  of  two  factors.  One  of 
them  is  the  assumed  distance  at  which  distinct  vision  with  the 
unaided  eye  is  most  easily  attained.  It  may  be  taken  as  2&0 
millimeters,  which  is  very  nearly  10  inches.  The  other  is  the 
distance  from  the  focal  plane  of  the  objective  to  what  we  may 
provisionally  call  its  optical  center.  If  we  make  this  last  dis- 
tance our  aefinition  of  tube  length,  use  for  it  the  symbol  T, 
and  let  D  stand  for  the  distance  of  distinct  vision,  our  formula, 
becomes. 
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DT 
M  =  ^     .         .        .        .         (6) 

remains  now  to  be  seen  what  modifications  need  to  be  im- 
1  upon  formula  (6),  since  formula  (1),  from  which  it  is 
oped,  is  confessedly  only  approximate.  Its  second  mem- 
hould  be  equal  to  the  product  of  the  magnifying  powers, 
id  ni\  of  objective  and  eyepiece  respectively,  as  deter- 
d  by  experiment. 

;suming  that  the  eye-piece  has  been  constructed  in  accord- 
with  tlie  conditions  implied  in  the  formula,  F  is  to  be 
•rained  from/^,  which  in  turn  can  be  measured  with  but 
error  by  use  of  the  camera  lucida.  Let  an  eyepiece  mi- 
eter  be  placed  at  the  diapliragm  and  properly  illuminated, 
ciicroscope  body  being  so  tilted  that  the  optical  center  of 
ye  lens  shall  be  250°"°  above  the  white  paper  on  the  table. 
I  the  camera  lucida  the  divisions  of  the  micrometer  are 
jcted  on  the  paper,  and  the  magnification,  m\  is  directly 
•mined.  To  nnd  y^,  since  the  image  is  virtual,  the  value 
'  is  substituted  in  the  formula, 

m'=j,  +  \      .        .        .        .      (7) 

method  may  be  checked  by  detaching  the  eye  lens  and 
Qg  it  independently  by  Cross's  formula,  to  be  presently 
a. 

le  value  of  /',  the  focal  length  of  the  objective,  cannot  be 
rmined  by  ordinary  methods  because  the  microscope  ob- 
^e  usually  consists  of  two  or  more  systems  of  lenses,  each 
3  up  of  a  crown  and  a  flint ;  and  the  error  involved  in 
uring  the  thickness  of  each  of  these  separately  and  also 

distance  apart  is  so  considerable  as  to  make  the  final 
t  very  uncertain.  The  best  formula  to  apply  is  that 
ced  some  years  ago  by  Prof.  C.  B.  Cross.*     This  formula 

such  importance  that  its  deduction  and  application  are 
given  in  this  connection. 

jt  the  field  lens  of  the  eyepiece  be  removed,  and  two 
ometer  scales  be  employed,  one  of  which,  divided  into 
8  of  a  millimeter,  is  placed  on  the  stage  as  an  object,  while 
)ther,  divided  into  millimeters,  is  ^aced  at  the  diaphragm 
tie  focal  plane  of  the  eye  lens.  The  image  of  the  stage 
•ometer  is  focused  upon  the  eye-piece  micrometer,  and  the 
parison  of  these  images  gives  the  magnifying  power,  m^  of 
objective  at  the  distance  selected.  Assuming  provisionally 
optical  center  for  the  objective  under  the  given  conditions, 

*  Journal  of  the  Franklin  Institute,  vol.  lix,  p.  401. 


Let  />  =  distance  of  stage  micrometer  from  this  optical  ceDter. 


Let/>'  — 

4i 

eve-piece  " 

Then, 

P                P 
m  z=,^  or  f>=^— 

p                  m 

u  u 


.         .         .      (8) 

It  id  impossible  to  measare  either  p  or  p'  directly,  but  we 
can  measure  the  distance  between  the  two  micrometer  scales, 
which  is  eqaal  to  their  sam.     Calling  this  A  we  have, 

l=p+PyOTp  =  l^p'  ...      (9) 

Eliminating />  between  equations  (S)  and  (9), 

''-^-    •    ■    •    <^») 

From  the  equation  of  lenses, 

-+-,=  -^  we  have /[/>+/>')  =fip'.        .    (11) 

Sabstitating  in  equation  (11)  from  equations  (9)  and  (10), 
and  reducing,  the  result  is 

/=  ,  -"l^TT.  ....      (12) 
•^       (m  +  1)  ^    ' 

Since  this  formula  is  independent  of  p  and  p\  it  may  be 
applied  without  any  knowledge  of  the  optical  center  of  either 
a  single  lens  or  a  system  of  lenses. 

The  eye-pieces  of  the  microscope  to  which  reference  has  been 
already  made  are  devoid  of  labels,  although  the  instrument  is  a 
fine  one,  and  the  maker  was  one  of  the  best  known  in  America, 
a  careful  and  intelligent  Grerman,  now  dead.  They  have  been 
subjected  to  measurement,  with  the  result  given  in  Table  1 
The  two  eye-pieces  labeled  in  the  table  A,  and  A,  were  evi- 
dently intended  to  be,  in  ordinary  nomenclature,  2-inch  eye- 
pieces ;  those  labeled  B,  and  B„  l^inch  eye-pieces,  and  the 
one  labeled  C,  a  }  inch  eye-piece.  All  measurements  of  length 
were  made  in  millimeters. 

Table  I. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

35-5 

58-8 

d 
64  0 

F 
51-8 

53-2 

F' 
207 

t% 

w' 

A, 

-3-4 

6-82 

A, 

34-9 

581 

540 

52  0 

52-3 

208 

—3-9 

5-82 

B, 

21-3 

40-0 

380 

36-6 

31-9 

1-46 

+  2-7 

7-83 

B, 

211 

40-9 

380 

360 

31-6 

1-44 

-1.4  2 

7-94 

C 

13f5 

28-7 

230 

20-2 

20-4 

•81 

-7-4 

13-58 

On  comparison  of  columns  2,  3,  and  4,  it  is  seen  that  in  no 
case  \^f=2(f\  or  d^2f\  as  generally  assumed  in  relation  to 
the  negative  eye-piece.     To  multiply  the  focal  length  of  the 
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by  I  does  not  therefore  give  the  equivalent  focal 
ii  the  combination.  The  approximation,  as  shown  in 
\  Mid  6  is  moderately  good  in  eye-pieces  A,  and  C,  but 
cans  so  in  B,  and  B,.  In  column  5  the  value  of  F  was 
d  by  formula  (3),  and  the  results  translated  into  inches 
nn  7.  Column  8  shows  the  percentage  of  error  in  the 
equivalent  focal  lengths  of  the  eye-pieces,  and  column 
their  actual  magnifying  power.  Each  of  the  data  of 
2  and  3  is  the  mean  of  five  independent  measure- 
but  the  results  in  column  9  are  affected  with  a 
;  error  greater  than  what  should  be  expected  if  F  could 
m  obtained  directly  from  f  alone, 
laker  of  an  eye-piece  ougnt  certainly  to  know  how  to 
«vork  after  it  is  finished.  He  has  the  right  to  use  any 
in  construction  that  experience  has  shown  to  be  valu- 
lut  in  every  case  the  value  of  F  ought  to  be  determined 
ly  by  him,  and  labeled  on  the  mounting  of  the  eye- 
)t  in  whole  inches  or  aliquot  parts  of  an  inch,  but  in 
parts  of  an  inch,  or,  still  better,  in  millimeters.  The 
;  world  is  familiar  enough  with  the  metric  system  to 
the  abolition  of  other  systems,  at  least  in  the  construe- 
.11  new  instruments. 


2. 

Table  II. 

1.  ' 

3. 

4. 

5. 

6. 

1 

1 

/ 

m 
3-93 

/.  771771. 

/.  inches. 

e% 

W.  3 

315 

510 

'      201 

+  50 

B.  2 

303 

6-25 

36-1 

I       1-42 

+  41 

R.  11 

300 

710 

32-4 

1-28 

+  17 

B   1 

293   , 

9-33 

25-6 

101 

-1 

B.f 

284 

13-50 

18-2 

•716 

+  5 

W.f 

296 

1400 

184 

•724 

+  4 

B.  i 

288 

18'80 

13-5 

•531 

-6 

Ci 

290 

55-00 

51 

•202 

+  24 

B.  i 

283 

6800 

4-7 

I         -185 

+  7 

w.  h 

277 

1150 

2-36 

•093 

-10 

B.  iV 

287 

1700 

1-68 

i        -066 

-5 

plying  formula  (12)  to  the  determination  of  the  focal 
of  objectives  it  is  found  that  the  labeling  of  these  is  in 
ises  very  erroneous.  In  the  paper  to  which  reference 
idy  been  made  Professor  Cross  gave  his  measurement 
than  thirty  objectives  from  various  sources.  In  one 
objective,  marked  ^^^  inch,  should  have  been  marked  \ 
The  measurements  made  by  the  present  writer  and  re- 
n  Table  II  above,  may  give  some  idea  of  current  errors 
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in  this  respect  In  column  1  the  capital  letter  arbitrarily  stands 
for  the  name  of  a  maker,  and  the  adjacent  fignres  for  the  focal 
length  of  the  objective  as  labeled,  in  inches  or  fractions  of  an 
inch,  on  the  mounting.  Column  2  gives  the  distance  in  milli- 
meters between  the  stage  and  eye- piece  micrometers,  determined 
by  the  length  of  the  microscope  body ;  and  column  3,  the  cor- 
responding magnification  attamed.  Column  4  gives  the  com- 
puted focal  length  in  millimeters,  which  in  column  5  is 
reduced  to  inches  for  the  sake  of  comparison ;  and  column  6 
gives  roughly  the  percentage  of  error  of  the  label. 

On  examination  of  Table  II  it  is  seen  that  the  errors  of  the 
labels  are  more  frequently  positive  than  negative,  or  that 
objectives  are  more  frequently  labeled  too  low  in  power  than 
too  high ;  and  that  the  errors  are  unpardonably  great  in  the 
objectives  of  lowest  power.  It  seems  scarcely  conceivable  that 
an  error  of  40  or  50  per  cent  could  be  made  and  deliberately 
stamped  on  the  mounting  of  an  objective  whose  real  focal 
length  is  so  easily  found  by  experiment.  It  should  be  observed 
that  any  error  due  to  thickness  of  cover  glass  is  negligible 
when  the  focal  length  exceeds  20°"".  The  stage  micrometer 
used  in  these  experiments  was  uncovered ;  and  since  the  higher 
powers  are  usually  adjusted  to  give  their  best  definition  when 
a  definite  thickness  oi  cover  glass  is  employed,  this  fact  may 
partly  account  for  the  negative  errors  found  in  the  two  highest 
powers  examined,  although  the  adjustment  of  collar  in  these 
measurements  was  for  use  without  a  cover  glass. 

Having  obtained  the  magnifying  powers  of  objective  and 
eye-piece,  their  product  is  tlie  total  magnifying  power  of  the 
combination.  If  the  equivalent  focal  length  of  the  eye-piece 
is  definitely  known,  its  magnifying  power,  7)i\  is  obtained  by 
applying  formula  (7).  If  the  tube  length,  T,  and  focal  lengtht 
y,  of  the  objective  are  known,  its  magnifying  power,  i/i,  may 
be  accurately  obtained.     For,  referring  to  fig.  1, 

«'^'       T       „  ^    1       1       1  ^         T/         „ 

^^=■^=03-     ^'''oc-^T^r     •'•^'=T-37-      Hence, 

T 
m  =  - -  1 (13) 

In  formula  (13),  if  /'  be  very  small  in  comparison  with  T, 
the  term  —  1  may  for  all  practical  purposes  be  neglected.  But 
to  do  this  involves  serious  error  wnen  objectives  of  low  power 
are  employed. 

Table  III  shows  the  result  of  using  eye-piece  B,  of  Table  I 
successively  in  combination  with  five  of  the  objectives  of 
Table  II,  tne  values  of  7n'  and  m  being  taken  from  these  two 
tables.  Column  2  gives  the  values  thus  calculated,  while  col- 
umn 3  gives  the  corresponding  results  independently  obtained 
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vith  the  camera  Ineida.     The  next  two  columns  result  from 

ipplyiug  the  formula  M=-jy  and  reducing  to  millimeters; 

n  column  4  the  values  of  F  and  ./  have  been  taken  from 
Tables  I  and  II,  and  in  column  5  they  are  the  nominal  focal 
engths,  as  indicated  by  the  manufacturers. 


Table  III. 

1. 

2. 

3. 

1            4. 

5. 

i 

CombiQation. 

M  =  mm'.         Camera. 

^_100 

X 

30-8 

F/ 
i         3414 

F/ 

B» 

w. 

3     .... 

30*4 

2222 

B. 

X 

R 

.li... 

55.3 

560 

63-68 

1         4444 

B» 

X 

VV. 

1     .... 

109-6 

107  0 

94-60 

88-88 

B, 

X 

C 

■  i    .... 

430.6 

4330 

3390 

266-7 

B. 

X 

W 

•T^   -  — 

900.0 

9000 

7360 

800-0 

Table  III  shows,  as  might  be  expected,  that  the  uncertainty 
of    results    increases    with    the    power    of    the    objective. 
Theoretically,  columns  2  and  3  ought  to  be  identical.     Practi- 
cally they  are  nearly  so  for  low  powers,  but  the  difficulty  of 
taking  exact  measurement  with   high  powers  is  very  great. 
The  inaccuracies  revealed  in  column  4  are  due  partly  to  the 
fact  that  the  formula  is  only  approximate,  but  also   because 
the  tube  length  is  not  250  millimeters,  and  cannot  possibly 
have  this  value  with  the  instrument  employed.     In  column  5 
erroneous  values  of  F  and  /*,  taken   from   the  labeling,  so 
gi^tly  increase  the  errors  of  column  4  as  to  make  the  meas- 
nrements  worthless.     Yet  these  are  the  results  of  calculation  as 
commonly  applied  to  the  data  furnished  by  the  manufacturers 
In  using  the  camera  lucida  the  difficulty  increases  when  the 
higher  powers  are  employed,  just  as  much  as  in  applying  Cross's 
formula.     Under  any  circumstances,  therefore,  a  wide  margin 
of  nncertainty  exists  in  estimating  the  magnification  attained 
with  objectives  of  high  power.     Although  the  fieures  given 
are  in  each  case  the  mean  of  many  measurements,  the  remark- 
able agreement  in  the  two  results  attained  with  the  jV^h  is 
doubtless  to  some  extent  accidental.     With  medium  ana  lower 
powers  it  is  shown  by  comparison  of  columns  2  and  3  that 
results  about  equal  in  value  to  those  with  the  camera  lucida  are 
liad  by  taking  the  product  of  the  separate  magnifications  due 
to  objective  and  eye-piece.    And  formulas  (6),  (7)  and  (13)  show 
that  this  product  may  be  expressed  as 


(D  +  F)(T-/) 
F/ 


(14). 
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This  formula  is  fully  worthy  of  reliance  if  accurate  values 
of  the  equivalent  focal  length  of  eye-piece  and  objective, 
respectively,  are  stamped  on  their  mountings,  and  if  the  tube- 
lenjgth  also  is  stamped  on  the  microscope  body. 

But  the  difficulty  of  securing  definiteness  and  uniformity  in 
tube  length  is  probably  greater  than  that  of  securing  proper 
labels  on  the  mountings  of  the  lenses.  It  is  necessary  to  fix 
upon  two  points  of  the  microscope  body  as  the  upper  and 
lower  limits  of  the  tube-length,  and  additionally  for  some 
agreement  to  be  reached  among  makers  as  to  the  tube-length 
selected.  What  this  shall  be  is  a  matter  partly  of  precedent, 
partly  of  convenience.  The  nominal  standard  is  10  inches  in 
England  and  America,  but  there  is  no  pretense  of  adhering  to 
it.  In  Germany  and  the  continent  of  Europe  generally,  about 
180  millimeters  is  perhaps  most  common.  The  latter  is  for 
some  reasons  more  convenient,  and  seems  to  be  gaining  in 
popularity. 

From  what  has  preceded  it  is  obvious  that  the  upper  limit 
of  the  tube-length  should  be  the  focal  plane  in  which  an  image 
would  be  formed  by  the  objective  if  no  field  lens  were  inter- 
posed. If  the  eye-piece  is  made  to  fulfil  the  generaUy 
assumed  condition  that  the  focal  length  of  the  field  lens  shall 
be  three  times  that  of  the  eye  lens,  and  the  interval  between 
them  shall  be  twice  the  focal  length  of  the  eye  lens,  the  focal 
plane  in  question  would  be  just  midway  between  the  diaphragm 
of  a  negative  eye-piece  and  the  optical  center  of  the  eye  lens, 
which  18  at  the  middle  of  its  convex  surface.  The  eye-piece 
should  be  so  constructed  that  when  it  is  slipped  into  position 
this  focal  plane  shall  be  exactly  at  the  top  of  the  microscope 
body,  which  then  serves  always  as  the  upper  limit  of  tube- 
length.  The  desirability  of  making  all  eye-pieces  thus  "par 
focal "  has  been  already  suggested  by  several  writers.  There 
is  no  practical  mechanical  difficulty  in  attaining  this  end.  In 
case  the  negative  eye-piece  should  not  fulfil  the  generally 
assumed  conditions,  the  distance  of  the  parfocal  plane  above 
the  diaphragm  is  easily  found.  Referring  to  Fig.  2,  and  using 
the  same  notation,  this  distance  is  PT,  or p^p\  which,  from 

the  formula =  >. »  is  equal  to   „.^    ■ ,.      The    required 

distance  of  parfocal  plane  above  diaphragm  is  thus  given  in 
terms  of  the  focal  length  ^f")  of  the  field  lens  and  the  dis- 
tance ( jp')  of  the  diaphragm  from  the  optical  center  of  this  lens. 
It  should  in  justice  be  mentioned  in  this  connection  that  at 
least  one  celebrated  European  firm,  that  of  Carl  Zeiss,  in  Jena, 
has  for  several  years  past  been  making  all  of  its  eye-pieces  pa^ 
focal.  This  is  only  one  of  the  many  good  things  for  which 
the  scientific  world  is  indebted  to  Professor  E.  Abbe,  a  phy&- 


W.  LeCmiie  Stevens — Microscope  Magnification.       61 

t  whose  work  in  microscopical  optics  has  been  so  thorough 
t  scarcely  anything  in  this  domain  can  be  undertaken  by 
cotemporaries  which  he  has  not  already  mastered.  It  is  to 
regretted  that  the  makers  of  microscopes  generally  should 
so  slow  in  following  a  good  example. 

The  determination  of  tne  lower  limit  of  the  tube  length  is 
^htly  complicated  by  the  fact  that  a  microscope  objective 
isisting  of  two  or  more  systems  of  lenses,  has  no  fixed  point 
ough  which  all  axial  rays  will  cross  when  the  position  of 
point  of  radiance  is  varied.  Its  equivalent  focal  length 
•ies  within  narrow  limits  according  to  the  distance  of  the 
al  plane  in  which  the  image  is  formed.  According  to  the 
iter  s  experiments  it  increases  slightly  as  this  distance  is 
reased.  The  objective  labeled  R.  1^  in  Table  II  was  exam- 
d  on  an  optical  bench,  the  distance,  Z,  between  the  points  of 
iance  ana  convergence  being  varied  from  160  mm.  to  700 
1.,  and /"calculated  for  20  successive  values  of  L  The  mean 
the  first  10  values  was  32*14  mm.;  that  of  the  second  10  was 
38  mm.,  the  extremes  being  32*0  mm.  and  32*5  mm.  This 
ective  consisted  of  two  systems  of  lenses.  A  three-system 
ective  of  nominal  i  inch  focal  length,  and  an  objective  of 
5  system,  were  likewise  examined,  with  the  result  shown  in 
We  IV: 

Table  IV. 

Label  of  Objective W.3  RA\               C'i 

Number  of  systems 1  2  *     3 

Limits  of  I,  in  mm 202-800  160-700  130-520 

Number  of  measurements 12  20                    14 

/from  first  half,  in  mm 5005  3214                -e'SO 

/  from  second  half,  in  mm 60-00  32*38                5*70 

J'rom  this  table  it  is  seen  that  the  variation  does  not  exceed 
3nth  of  a  millimeter  in  the  highest  of  these  powers,  a  quan- 
r  that  is  negligible  in  comparison  with  the  whole  tube- 
gth.  Assume  then  that  the  distance  from  the  top  of  the 
jroscope  body  to  the  extremity  where  the  objective  is 
Bwed  in  is  a  little  shorter  than  the  desired  tube-length  ;  for 
imple,    160  mm.,   if   180  mm.    is   selected    for   tube-length. 

en  in  the  formula,  — h  -,=    .?  we  have  j9'=180,  and  /  is 

P     P      f 
awn,  hence  p  is  calculated.     The  '*  working  distance "  be- 

een  a  slide  and  the  exposed  lens  can  be  measured ;  and  on 
dtracting  it  from  jt?  we  have  the  distance,  within  the  objec- 
'e,  of  the  point  which  for  the  given  tube-length  behaves  like 
optical  center.  This  point,  by  the  given  formula,  is  known 
be  20  ram.  from  the  extremity  of  the  microscope  body,  and 
BDce  the  desired  allowance  can  always  be  made  in  the  mount- 
^g  to  put  this  point  in  its  proper  place.     The  optical  tube- 
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len^h  for  which  an  objective  is  corrected  should  always  be 
stamped  on  its  mounting  along  with  the  record  of  exact  foal 
length  and  numerical  apertnre. 

If  there  be  accurate  labeling  of  optical  tnbe-length,  and  of 
the  equivalent  focal  length  of  eye  piece  and  obiective,  the 
camera  lucida  ceases  to  be  a  necessitv  to  the  user  oi  the  micro- 
Bcope.  Under  present  conditions,  nowever,  and  until  better 
methods  are  adopted  by  the  majority  of  maonfacturere,  it  k 
the  only  ready  means  of  approximating  toward  the  correct 
meastirement  of  microscope  magnilication. 
BrookljD,  N.  T.,  April  2,  1830. 


Abt.  V, — Notes  on   the  Mineral*  occurring  near  Port 
Henry,  N.  Y.  ;  by  J.  F.  Kemp. 

During  the  summer  of  18S9  the  following  notes  on  minerals 
occurring  near  Port  Henry,  N.  T.,  were  made,  largely  with 
the  aid  of  Mr.  W.  H.  Benedict,  then  in  charge  of  the  local 
high  school.  At  the  abandoned  Pease  quarry,  a  short  distance 
northwest  of  the  town,  a  face  of  white  crystalline  limeetone 
has  been  laid  bare,  and  in  this  occur  streaks  consisting  chieflj 
of  hornblende,  plagioelase,  muscovite  and  quartz,  but  contain- 
ing as  well  a  great  abundance  of  yellowish  brown  titanite  crys- 
tals. These  latter  average  perhaps  an  inch,  along  c,  by  one- 
half  inch  along  h,  and  are  bounded  by  large  2F  and  OP  and 
less  prominent  ooPod  and  coP — making  the  common  semeline 
type.  Individuals  appear  to  have  been  wrenched  or  broken, 
possibly  by  mountain-raaking  action.  Fine  brown  tonrmalinee 
occur  with  tliem  in  the  same  asaociatione  and  are  also  wrenched 
and  bent.  In  one  instance  a  crystal  one  and  one-half  incbe« 
long,  is  bent  around  through  at  least  70°,  yet  without  notable 
fracturing.  West  of  the 
Pease  quarry  is  a  quarrf 
where  flux  was  being  obtained 
for  the  local  furnaces.  The 
rock  is  a  beautifully  ciev 
crystalline  limestone  with  ei- 
cellent,  small,  hexagonal  tables 
^of  graphite  disseminated 
through  i  t .  Occasionallv 
lemon  yellow  calcite  is  founfl, 
but  of  especial  interest  are  the 
fine  crystals  of  clear  calcite  of 
the  general  oatline  of  the  unit  R  with  a  low  striated  fonr-faeed 
pyramid  imposed  on  each  R  face,  and  often  tmncated  by  B 
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jelf.  (See  Nanmann-Zirkel,  Mineralogie,  fig.  13,  under  cal- 
fce).  This  is  caused  by  an  oscillation  between  R  and  two  or 
ore  scalenohedra,  whose  long  polar  edges,  and  combination 
Iges  are  on  the  diagonals  of  the  K  face.  Although  in  general 
.6  faces  are  not  well  adapted  to  measurement,  enough  good 
suits  were  obtained  to  indicate  2/7  R  9/5  as  one  of  the  scaleno- 
jdra  present  above  R.  and  vai'ious  results  for  the  angle  Y  led 
the  suspicion  of  two  others.  Below  the  R  face  there  are  also 
70  or  more  scalenohedra  indicated,  but  the  only  one  of  which 
easurements  were  obtained  proved  to  be  near  13/11  R  9/7. 

Y  measured.    Y  calculated.    X  measured.     X  calculated. 

3/7  R  9/5           166-21  166-10            129*18            130*10 

166-01  129-25 

165-60  129-27 

130-12 

13/11  R  9/7      170  43  170-30     Z  measured.  Z  calculated. 

170-25  96-1 9i            96-30 

170-26  96-44 

R4  is  also  present  upon  all  the  crystals.  The  forms  deter- 
kined  by  Hessenberg  on  the  combination  above  cited  from 
Faamann  were  R2  and  2/5  R2.  The  crystals  are  excellent 
lustrations  of  oscillatory  forms.  Still  west  of  this  quarry  is 
16  Treadway  quarry  in  ophicaJcite.  Through  this  rock  run 
t  times  narrow  streaks  with  pyrrbotite,  quite  large  leaves  of 
hlogopite,  brown  tourmaline  and  well-crystallized  light-brown 
•emolite  ( ooP, ocPoo,  ooPoo  and  —  P).  A  visit  to  the  now 
l)andoned  feldspar  quarry  six  miles  northwest  of  Port  Henry 
pom  which  came  the  peculiar  tourmaline  crystals  described 
y  Professor  E.  H.  Williams  (this  Jour.  Ill,  xi,  273),  revealed 
ie  fact  that  it  is  probably  a  great  feldspathic  mass,  either  in 
neiss  or  granite  (probably  akin  to  the  pegmatitic  segregations 
3mmon  m  many  granitic  masses),  and  cut  by  three  narrow 
■ap  dikes,  now  much  altered  but  doubtless  originally  diabase. 
'he  tourmalines  favor  certain  lines,  and  along  these  they  occur  in 
iolated  single  crystals  and  as  matted  aggregates.  Great  masses 
f  biotite,  as  large  as  a  barrel  occur  also  in  streaks,  yielding 
ood  cleavage  masses  under  the  sledge,  and  fine  specimens  of 
we  quartz  are  less  abundant.  The  quarry  is  called  Roe's  spar- 
ed. 

At  Mineville,  one  of  the  newer  openings  (the  so-called 
overs'  Pit)  on  Barton  Hill  is  affording  crystals  and  cleavage 
lasses  of  magnetite  of  unusual  size  and  excellence.  The  crys- 
le  are  combinations  of  O  and  odO,  and  vary  up  to  an  inch 
id  more  in  diameter.  They  are  buried  in  granular  magnetite 
■  great  purity.  The  faces  are  marked  by  strise  parallel  with 
e  O  edges  and  at  times  running  quite  around  the  crystal.     It 
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can  hardly  be  said  that  they  favor  any  one  face,  for  they  often 
divide  the  O  faces  into  trangles.  Other  striations  oecnr  lew 
abandantly  which  may  be  referred  to  the  intersection  of  planea 
of  ooO  with  O,  seeming  to  indicate  a  minor  parting,  Stria- 
tions parallel  with  the  edges  of  0,  have  been  previously  noted 
by  Cathrein  (Zwillingsbildnng  am  Mag^ 
netit,  Zeitschr.  f.  Krjst  xii,  47,  1887), 
and  aeain  by  Miigge  (Neues  Jahrb., 
18S9,  1,  244),  by  whom  they  were  re- 
garded as  polyayntlietic  twinning  on  the 
,  spinel  law,  and  dne  to  gliding  planet. 
'  Such  twitiniiigs  and  striations  on  spinels 
proper,  have  been  long  known  (see 
Struver,  Zeit.  f.  Kryst.,  li,  480)  and  are 
noted  in  most  of  the  mineralogies.  On 
Cathrein's  crystals  the  striations  seem 
especially  to  favor  one  face,  and  this  adds  weight  to  the  above 
explanations.  The  striations  on  the  Lake  Champlain  crystala 
are  not  especially  parallel  to  any  one  face,  but  cross  each  other 
frequently,  and  the  other  striations  parallel  to  ocO,  add  some 
complexity.  The  beds  which  contain  them  have  been  subjected 
to  great  dynamic  movements  and  these  partines  are  very  prob- 
ably due  to  pressure — which  has  also  developed  the  fine  pseudo- 
cleavage  planes  in  the  massive  mineral.  If  it  were  allowable 
to  conceive  of  a  chief  parting  along  O,  and  a  rarer  one  alon^ 
otO,  occasioned  by  such  pressure,  without  any  accompanyiof 
twinning,  I  should  think  it  more  likely  to  be  the  true  cause  <n 
the  phenomena.  The  massive  mineral  shows  these  octahednl 
partmg  planes  quite  as  large  as  the  hand. 
GeoL  Laborstor;,  Coroell  Uoiversit;. 


Akt.  VI. — Occurrence  of  OonioUna  in  the  Comanche  Seru» 
of  the  Texas  Cretaceous  ;  by  Robert  T.  Hill. 

Fob  several  years  I  have  been  puzzled  by  a  peculiar  oi^rait- 
ism  which  occurs  abundantly  in  the  basal  and  medial  beds  of 
the  Comanche  series  of  the  Texas  Cretaceous.  This  organism  is 
preserved  in  chalky  beds  of  whose  lithologic  character  it  par- 
takes, and  is  about  the  size  and  shape  of  ordinary  playing  mar- 
bles used  by  boys  except  that  it  is  slightly  elongated,  and 
flattened  at  one  end  where  there  is  a  circnlar  depression  re- 
sembling the  point  of  attachment  between  a  fruit  and  its  stem. 
The  surface  is  minutely  pitted  or  reticulated. 

Possessing  no  library  facilities  at  Austin,  I  recentiv  sent 
suites  of  these  fossils  to  various  paleontological  Mends  "in  the 
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uentific  centers  of  the  east,  all  of  whom  pronounced  them  an 
ndertermined  species  of  the  ^nus  Goniolina,  of  D'Orbigny, 
at  as  to  where  tne  genus  belonged  in  the  animal  or  vegetable 
ingdom,  no  one  felt  positive  as  attested  by  the  following  let- 
3r  from  a  gentleman  who  is  considered  one  of  our  ablest  con- 
holoj^ist& 

"  The  fossil  you  send  belongs  to  a  group  which  has  puzzled 
aleontologists  for  many  years,  and  has  been  referrea  to  al- 
lOBt  every  obscure  group  of  paleozoology  and  botany.  They 
rere  named  Ooniohna  by  Orbigny,  who  put  them  among  the 
'oraminifera.  Dr.  White  has  snown  me  a  French  publication 
y  Dumortier  in  which  a  Jurassic  species  is  referred  to  the 
Trinoidea;  Zittel  says  that  Saporta  has  decided  that  they  are 
he  fruit  of  Paiidanus  or  "  screw  pine.*'  My  own  opinion  is 
hat  they  kt^  fruit  of  some  kind,  and  Sapor  la's  reference  is  the 
he  most  likely  to  be  correct.     Yours  should  be  Lower  Cre- 


aceous." 


The  above  letter  indicates  a  remarkable  diversity  of  opinion. 
3at  I  think  a  brief  examination  of  its  place  and  mode  of  oc- 
jurrence  will  remove  this  species  at  least  from  any  suspicion 
)f  being  the  fruit  of  land  vegetation.     It  begins  in  the  Colo- 
rado river  section  at  the  first  (lowest)  fossiliierous  horizon  in 
the  basal  Fredericksburg  bed  above   the  Trinity  sands,  and 
ranges  upward  through  450  feet  of  sediments  into  the  base  of 
the  Comanche  Peak  chalk.     There  beds  in  which  it  occurs  are 
pulverulent  chalks  and   all  comparatively  deep  sea  deposits. 
In  the  lowest   there  are   slight  traces  oi   finest  comminuted 
sand ;  in  the  upper,  there  are  no  sands  or  clays,  but  the  strata 
are  all  chalky  and  maguesian.     In  none  of  the  beds  are  there 
lignites,  or  other  traces  of  land  debris,  which  would  probably 
be  the  fact  if  the  Goniolina  were  vegetable,  while  the  molluscan 
associates  of  the  form  are  all  off-shore  species,  such  as  Mono- 
pleura,  Toxasies^  Tylostoma  and  many  other  forms.     At  the 
lorizon  of  its  chief  occurrence  it  is  associated  with  a  chalk  com- 
posed almost  entirely  of  a  lar^e  foraminifer  which  Boemer 
Darned  Orhitolina  Texana,*  and  which  Meekf  later  referred  to 
the^nus  Tinaporus. 

Zittelj:  refers  the  genus  to  the  family  CornuspiridsB  of  the 
ForaminifersB  and  says  that  it  is  a  Jurassic  genus. 

Its  occurrence  in  the  medial  third  of  the  Comanche  series — 
the  first  noted  in  America — is  of  interest,  and  I  shall  be  glad 
to  furnish  specimens  to  any  who  desire  them. 

Austin,  Texas,  March  5,  1890. 

*  Kreidebildungen  von  Texas,  F.  Roemer. 

f  Check  List  of  Invertebrate  Fossils  of  North  America,  p.  I. 

JHandbuch  der  Paleoutologie,  pp.  75,  110,  728. 
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Art.  VI  r. — A  Method  for  the  Reduction  of  Arsenw  Add 
in  Analysis ;  by  F.  A.  Gooch  and  P.  E.  Browning. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  College — IIL] 

Holthoff's  development  of  Mohr's  suggestion  relative  to 
the  reduction  of  arsenic  acid  to  the  lower  condition  of  oxidation 
by  the  action  of  sulphurous  acid,*  with  the  demonstration  that 
arsenic  acid  can  be  evaporated  even  to  drvness  in  presence  of 
hydrochloric  acid  without  danger  of  significant  volatilization, 
has  placed  the  analysis  of  ordinary  compounds  of  arsenic,  both 
natural  and  artificial,  within  the  scope  of  Mohr's  classical  and 
exact  method  of  determination  by  titration  with  iodine.  Ai 
Holthoflf  left  the  method,  it  is  satisfactory  so  far  as  regards 
accuracy,  and  as  modified  by  McCay^f  who  substitutes  for  the 
four  hours'  digestion  heating  for  one  hour  in  a  pressure-bottle^ 
is  eminently  successful.  In  the  account  of  the  experiments 
about  to  be  described  we  detail  our  experience  in  an  attempt 
to  shorten  still  further  the  process  of  reduction  of  arsenic  acid 
by  making  use  of  hydriodic  acid  as  the  active  agent  instead  of 
sulphurous  acid. 

In  a  recent  paper  :|:  we  have  described  a  method  for  the 
determination  of  iodine  in  haloid  salts  based  upon  the  action  of 
arsenic  acid,  in  the  presence  of  sulphuric  acid,  according  to  the 
equation, 

II.  AsO,  +  2H.I  =  H.  AsO.  +  H,0  +  I-I, 

the  iodine  being  completely  volatilized,  but  leaving  behind  in 
the  arsenious  acid  produced  by  the  action  the  record  of  the 
amount  of  hydriodic  acid  originally  present.  This  reaction  we 
propose  to  utilize  conversely,  and  to  employ  potassium  iodide 
in  excess,  in  presence  of  sulphuric  acid,  to  bring  about  the 
reduction  of  the  arsenic  acid  to  arsenious  acid  which  may  be 
determined,  after  neutralization,  by  the  iodine  method.  The 
conditions  of  the  methods  are  different  in  that,  in  the  former 
the  hvdriodic  acid  is  entirely  broken  up  by  the  action  of  the 
arsenic  acid,  and  the  iodine  volatilizes  easily ;  while  in  the 
latter  some  hydriodic  acid  must  remain  in  solution  until  a  very 
low  degree  of  concentration  is  reached,  and  remaining  must 
exhibit  its  characteristic  proneness  to  retain  free  iodine. 

We  find  in  pi*actice  tnat  when  a  solution  made  up  to  con-  : 
tain  sulphuric  acid,  an  arseniate  and  potassium  iodide  to  an 
amount  somewhat  in  excess  of  that  theoretically  demanded  to  ^ 
effect  the   conversion  of  the  arsenic  acid  to  arsenious  acid,  ■ 


*Zeit  f.  Anal.  Ghem.,  vol.  xxiii,  p.  378. 
t  Am.  Chem.  Jour.,  vol.  vii,  p.  373. 
^This  Journal,  vol.  xxxix,  p.  188. 
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is  boiled,  iodine  is  evolved  and  the  color  of  the  liquid 
passes  from  the  dark  red  when  the  iodine  is  abundant  through 
the  various  gradations  of  tint  to  a  canary  yellow,  and  then, 
as  the  sulphuric  acid  reaches  a  degree  oi  concentration  suffi- 
cient to  determine  by  its  own  specinc  action  the  liberation  of 
iodine,  the  color  again  darkens,  and  if  the  process  of  concentra- 
tion is  continued,  and  much  arsenic  is  present,  crystals  of 
arsenious  iodide  separate  and  form  more  abundantly  on  cooling. 
If  evaporation  is  pushed  still  farther  the  arsenious  iodide  begins 
to  volatilize  and  at  the  point  where  the  sulphuric  acid  fumes 
the  liquid  loses  ail  color  and  the  arsenic  has  vanished  more  or 
leas  completely.  In  one  experiment  conducted  in  this  man- 
ner it  was  found,  by  the  method  to  be  described  later,  that  of 
0'3861   grm.  of  arsenic   pentoxide   originally   present  with  1 

§rm.  of  potassium  iodide  and  10  cm*  of  sulphuric  acid  [1 : 1] 
le  equivalent  of  0'1524  grm.  remained.  In  another  similar 
experiment  in  which,  however,  only  a  few  milligrams  of  arsenic 
oxide  were  involved  not  a  trace  of  arsenic  remained  at  the 
end. 

It  is  obvious  that  two  points  in  this  course  of  action  demand 
examination  at  the  outset.  First,  means  must  be  found  for 
removing  the  remnant  of  free  iodine  which  is  withheld  by  the 
hydriodic  acid ;  or  of  rendering  it  harmless  in  the  titration 
process  to  follow ;  and,  secondly,  the  degree  to  which  the  solu- 
tion may  be  concentrated  without  loss  oi  arsenic  must  be  fixed. 
In  our  work  upon  the  converse  of  this  process,  we  noted 
particularly  the  marked  influence  of  the  amount  of  sulphuric 
acid  present  upon  the  degree  of  concentration  necessary  to 
expel  the  iodine.  We  turned  attention,  therefore,  at  once  to 
this  point  in  the  present  case  and  investigated  the  eflfect  of 
varying  the  proportion  of  sulphuric  acid  in  solutions  contain- 
ing definite  amounts  of  potassium  iodide  and  potassium  arseni- 
ate.  The  volume  of  the  solution  was  made  up  to  about  100 
cm*  and  concentrated  by  boiling  until  the  color  was  faintest. 
Then,  to  determine  provisionally,  and  for  preliminarv  purposes, 
the  point  at  which  volatilization  of  arsenic  was  likely  to  occur, 
the  concentration  was  continued  until  the  arsenious  iodide 
began   to   separate.      The    results  are  tabulated   as  follows; 

Volume  when 


color  was 

Volume  when 

KI 

AsaOft 

HaS04  [1 : 1] 

lightest 

Asli 

s  appeared. 

1  grm. 

0-1900  grm. 

20  cm* 

80  cm* 

33  cm* 

1     " 

0-1900     " 

15  " 

65  " 

25  " 

1     « 

0-1900     " 

10  " 

40  '* 

19  " 

1     " 

0-1900     " 

5  " 

30  " 

11   " 

The   amount  of  sulphuric  acid    which,   considering  rapidity 
in  concentrating  to  the  proper  point,  ease  in  neutralizing  the 
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acid  previous  to  titration,  and  general  convenience  in  manipu- 
lation, seemed  to  be  best  was  10  cm*  of  the  mixture  made  by 
diluting  the  acid  with  an  equal  volume  of  water.  This  we 
fixed  upon  for  use  in  future  experiments  and  set  the  limit  of 
concentration  at  40  cm*. 

It  is  manifest  from   the  phenomena   described   that   when 
much  hvdriodic  acid  remains  in  the  solution  the  last  portions 
of  free  iodine  cannot  be  completely  removed  by  heat  without 
volatilization   of   the   arsenic.     T\^e   experimented,    therefore, 
npon  the  effect  of  very  dilute  sulphurous  upon  the  remnant  of 
iodine  in  liquids  constituted  as  described  and  concentrated  to 
40  cm',  the  point  of  minimum  color,  the  solution  of  sulphurous 
acid  which  we  employed  corresponding  approximately  to  cen- 
tinormal  iodine.     We  found  that  upon  adding  the  sulphurous 
acid  drop  by  drop  to  the  hot  concentrated  solution  the  point 
at  which  the  color  vanished  could  be  determined  without  diffi- 
culty, but  that  if  the  solution  was  permitted  to  stand  a  single 
minute  the  color  of  iodine  returned,  doubtless  developed  by 
the  action  of  air  npon  the  hot  hydriodic  acid.     We  aaopted, 
therefore,  the  plan  of  at  once  diluting  the  solution  with  cold 
water  as  soon  as  the  sulphurous  acid  had  done  its  work  and 
immediately   neutralizing   with  potassium   carbonate.     When 
this  mode  of  proceeding  was  followed  we  were  unable  to  find 
evidence  of  revereion  of  arsenious  acid  to  arsenic  acid,  magne- 
sia mixture   producing  in  the  solution  no  precipitate  of  the 
ammonium  magnesium  arseniate. 

Following  out  the  same  general  lines,  therefore,  we  pro- 
ceeded to  the  quantitative  examination  of  the  process.    Portions 
of  a  stiuidard  solution  of  the  dihydrogen  potassium  arseniate 
were  measured  from  a  burette  into  counterpoised  Erlenmeyer 
flasks  of  25i^  cm'  capacity,  and  the  increase  in  weight  was  taken 
as  the  measure  of  the  actual  amount  of  the  solution  employed. 
Potassium   iodide  in  solution,   and   10  cm*  of  sulphuric  acid 
[1 : 1]  were  added,  an<l  the  liquid  was  diluted  with  water  to  a 
volume  of  about  100  cm".     A  trap  made,  as  described  in  onr 
paper  u}hui  the  ivverse  of  this   process,  by  cutting  down  a 
twiv-bulbod  drying  tul>o,  was  hung  in  the  neck  of  the  flask  to 
prevent  mei*hanical  loss,  and  the  liquid  was  rapidly  concentrated 
by  boiling  until  the  volume  of  40  cm\  the  point  at  which  the 
color  of  iodine  had  faded  to  a  pale  yellow,  was  reached.     At 
this  point  the  flask  was  removeu  from  the  flame,  its  fiides  and 
the  trap  wore  quicklv  washed  down,  the  weak  sulphurous  acid 
was  addeil  dri>p  by  vln^p  frv>m  a  burette  until  the  color  of  the 
froi*   iodine   had  just    vanisheil,   the  liquid  was  immediately 
diluttni  with  ooKl  water,  the  free  acid  was  nearly  neutralized 
with  jK»tassium  carlKUiate  and  the  point  of  nentndization  was 
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led  and  passed  a  little  by  the  addition  of  the  acid  potassium 
mate.  After  cooling  completely  a  definite  amount  of 
b  solution  was  added  and  the  titration  of  the  arsenious 
was  proceeded  with  as  usual,  due  correction  being  made  for 
mount  of  iodine  necessary  to  produce  the  end  color  into 
olume  of  liquid  and  starch  solution  employed. 
le  value  of  tne  standard  solution  of  the  arseniate  was  fixed 
vo  series  of  determinations.     One  series  was  made  accord- 

0  Levol's  method  of  precipitating  the  ammonium  magne- 
arseniate  and  weighing  as  the  pyroarseniate,  modified, 

jver,  in  that  the  precipitate  was  collected  on  asbestus  in  a 
crated  crucible  and  ignited  after  moistening  with  amrao- 
L  nitrate.  In  the  second  series  McCay's  modification*  of 
li's  method  was  followed,  excepting  that  the  silver  arseni- 
ras  collected,  dried  and  weighed  on  asbestus  in  a  perforated 
ble.  The  mean  of  several  closely  agreeing  determinations 
for  the  contents  of  50  grms.  of  the  solution  in  arsenic 
>xide  as  0*3824  grm.  by  Levol's  method  and  0*3830  grm. 
McCay's  modification  of  Reich's  process.     We   took  the 

1  of  these  figures  0*3827  gnn.  as  the  standard  of  the  solu- 

le  details  of  the  experiments  with  this  solution  are  recorded 
e  following  table. 
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:periments  in  which  smaller  quantities  of  arsenic  were 
led  were  made  similarly,  excepting  that  the  standard  solu- 
from  which  portions  for  the  tests  were  measured,  was 
5  by  diluting  the  former  standard  ten  times,  and  centinor- 
iodine  was  used  in  the  titration. 

hen  the  amount  of  hydriodic  acid  in  solution  is  small, 
ispondingly  small   amounts  of  iodine  are  retained   after 

*Am.  Chem.  Jour.,  vol.  viii,  p.  77. 
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concentration.  In  the  following  experiments  colorless  solutions 
were  obtained  and,  for  the  sake  of  comparison  with  the  previous 
results,  these  solutions  were  neutralized  and  titrated  withont 
treatment  with  sulphurous  acid,  there  being  no  apparent  need 
for  adding  it  in  these  cases. 


KI  HaS04[l:l]  AflaOfi 

taken.  taken.  taken. 

0-2  grm.       10  cm'      0-0038  grm. 
0-2     "  10     "         0-0038     " 


AS3O5 
found. 

0-0035  gi-m. 
0-0036     " 


Error. 

0*0003  grm.  - 
0-0003     "      - 


It  appears,  therefore,  that  the  average  error  of  the  whole 
number  of  determinations  (twenty-four)  made  by  this  process 
amounts  to  rather  less  than  0-0002  grm.  —  ,  fallinjg  between 
extremes  of  0-0003  grm.  +  and  0*0007  grm.  —  .  The  entire 
amount  of  arsenic  pentoxide  handled  in  the  twenty-four  deter- 
minations was  8*7852  grms.;  and  of  this  3-7309  grm.  were 
indicated  in  the  titration  as  reduced  to  the  arsenious  condition. 
The  loss  0-0047  grm. — the  entire  error  of  the  process — amonnte 
to  018  per  cent,  of  the  amount  taken. 

Certain  experiments  were  made  to  see  whether  the  period 
of  evaporation  might  not  be  dispensed  with  by  so  modifying 
the  process  that  the  entire  amount  of  iodine  set  free  in  the 
action  of  the  sulphuric  acid,  the  arseniate,  and  the  iodide 
might  be  reconverted  at  once  by  sulphurous  acid  to  the  condi- 
tion of  hydriodic  acid.  The  conversion  was  apparently  suc- 
cessful, but  the  results  of  the  modification  were  several  per 
cent  below  the  truth,  indicating  that  the  digestion  during 
evaporation,  or  the  removal  of  the  free  iodine,  or  the  combined 
effect  of  the  two,  is  essential  to  the  completion  of  the  reduction 
of  the  arsenic. 

The  process  as  we  recommend  it  may  be  summarized  briefly 
as  follows : — To  the  arseniate  in  solution  are  to  be  added  potas- 
sium iodide  in  excess  of  the  amount  needed  according  to  the 
equation  to  complete  the  reduction,  and  10  cm*  of  half  93A 
half  sulphuric  acid.  The  liquid  is  to  be  diluted  to  about  IW 
cm*  and  boiled  rapidly  (with  the  precautions  of  trapping  « 
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described)  until  the  volume  is  decreased  to  40  cm*.  The  color 
of  free  loaine  is  to  be  bleached  by  cautious  additions  of  sul- 
phurous acid  (corresponding  roughly  to  centinormal  iodine) 
and  instantly  diluted  with  water  and  neutralized  with  potassium 
carbonate,  tne  neutral  carbonate  at  the  first  and  afterward  the 
acid  carbonate.  The  whole  is  to  be  cooled  and  titrated  as  usual 
with  iodine,  using  starch  as  an  indicator.  Its  advantage  is  in 
the  rapidity  with  which  it  may  be  executed,  the  whole  opera- 
tion being  easily  completed  in  a  half-hour. 


Art.  VIII. — Oji  the  Development  of  the  Shell  in  the  genus 
Tomoceras  Hyatt ;  by  Charles  E.  Beecher,  rh.D. 
(With  Plate  I). 

The  leading  embryonal  characters  of  the  genus  Tomoceras 
have  been  drawn  mainly  from  results  obtained  in  the  study  of 
Tomoceras  retrorsum^  von  Buch,  and  allied  species  from  the 
Devonian  of  Germany.*  Probably  the  best  study  of  any  one 
of  the  species  is  that  given  by  W.  Branco  of  T  retrorsum^  var. 
typum^  Sandberger.f  The  adult  features  have  been  deter- 
mined from  the  type  T,  {Gon^  unianyulare  Conrad,  and 
other  closely  related  forms.  Hitherto  our  knowledge  of 
this  species  has  not  been  sufficient  to  give  a  reasonably  full 
diagnosis  of  the  genus  in  its  developmental  relations,  and 
the  results  of  the  following  study  aim  to  supply  the  deficiency. 
The  importance  of  this  is  evident,  as  the  cliaractei's  of  the 
type  are  of  prime  consequence,  and  because  T  r^etrorsum 
oners  some  differences  in  its  development,  and  apparently 
belongs  to  one  of  the  more  advanced  phases  in  the  evolution 
of  the  generic  stock.  Instead  of  presenting  a  gradual  growth 
from  its  simple  nautiliform  protoconch  through  several  slightly 
diverging  stages,  it  exhibits,  to  a  degree,  the  principle  of 
accelerated  development,  as  will  be  shown  hereafter;  while 
T  uniangulare  has  a  more  uniform  and  complete  growth,  and 
is  probably  one  of  the  initial  and  most  primitive  species  of 
the  genus. 

Besides  the  sutural  and  tubular  development,  the  material 
studied  illustrates  the  inception  and  growth  of  the  surface 
ornaments,  and  as  these  features  are  rarely  found,  the  princi- 
ples involved  are  of  more  than  generic  application. 

*  Proceeding^  Boston  Society  Natural  History,  vol.  xxii,  Hyatt :  Genera  of 
Fossil  Cephalopods,  p.  320,  1883. 

\  Palseontographica,  t.  27.  fieitrage  zur  Entwickelungsgeschichte  der  fossilen 
Cephalopoden,  1880. 
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The  specific  limits  of  71  U7iiang\ilare  have  not  been  clearly 
defined,  and  many  of  the  forms  reierred  to  Parodicercts  (Gon.) 
diacoideum  Hall,  are  evidently  of  the  former  species.  A 
comparison  of  the  type  specimens  of  both  with  others 
which  have  been  grouped  with  them,  as  figured  in  the 
Thirteenth  Keport,  New  York  State  Cabinet,  and  in  vol.  v,  pt 
ii,  of  the  Palaeontology  of  New  York,  shows  that  the  first 
species  is  really  the  common  one,  and  so  far  as  known,  the 
second  is  represented  only  by  the  original  types.* 

The  adult  differences  are  mainlv  noticeable  in  the  depth  of 
the  air  chambers,  and  in  the  sutural  curves.  They  can  readUy 
be  determined  by  strictly  limiting  the  characters  to  those  first 
ascribed  to  each  species.  Parodiceras  diacoideum  is  also 
apparently  without  the  narrow  cone  at  the  bottom  of  the 
annular  lobe,  and  the  ventral  saddle  is  much  less  depressed. 

The  material  for  this  paper  is  a  portion  of  a  collection  pre- 
sented to  the  museum  of  \  ale  University,  by  Thomas  G.  Lee, 
M.D.  The  particular  lot  containing  the  Tornoceraa  consisted 
of  several  hundred  nodular  concretions  of  pyrite  of  a  radiated 
structure,  obtained  from  the  Devonian  (Hamilton)  shales  of 
Wende  Station,  Erie  County,  New  York.  Most  of  them 
preserved  an  organic  nucleus,  and  about  twenty-five  species 
have  been  identified  as  belonging  to  the  Trilobita,  (Cephalopoda, 
Pteropoda,  Pelecypoda,  Brachiopoda  and  Crinoidea. 

The  test  of  the  trilobites  and  the  shells  of  the  brachiopods 
are  but  little  altered,  while  those  of  the  cephalopods  and 
pelecypods  are  usually  replaced  by  sphalerite,  a  difference 
evidentlv  connected  with  the  more  soluble  nature  of  the 
pearly  stells  of  the  nuculoids  and  cephalopods. 

By  carefully  breaking  away  the  outer  enveloping  volutions 
of  a  number  of  specimens  of  Tornoceras^  the  early  parts  of 
the  shell  were  uncovered,  and  found  to  be  well  preserved,  and 
therefore,  suitable  for  study.  The  drawings  on  Plate  VIII 
were  made  from  the  microscope,  with  a  camera  lucida. 

The  protoconch  (figures  1,  2,  Plate  I)  has  an  axial  diame- 
ter of  about  1-1™"  and  varies  but  little  from  this  dimension 
among  several  specimens  measured.  The  vertical  diameter  is  a 
little  shorter,  so  that  the  general  form  is  that  of  a  prolate 
ellipsoid.  The  latera  are  prominent,  and  exposed  as  central 
bosses  in  the  umbilicus  of  a  young  shell. 

♦  The  following  list  is  proposed  as  corrected  references  to  T.  unianqMiart : 

13th  Ann.  Kept.  N.  Y.  State  Cab.,  p.  98,  figs.  6  (bis)  (type  specimen)  and  6? 

Pal.  N.  Y..  vol.  V,  pt.  ii,  pi.  71,  fl^s.  11-14  (fig.  14=type  specimen),  pi.  72,  figs. 
6,  7,  pi.  74,  figs.  2,  4,  vol.  vii,  pi.  127,  figs.  10,  11,  12. 

Of  these,  pi.  71,  figs  11,  12.  1.3  ;  pi.  74,  fig.  4  and  pi.  127,  figs.  11,  12.  were 
referred  to  P.  ( Goniatites)  discoideum.  Hall. 
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• 

At  what  precise  growth  stage  the  umbilicus  becomes  closed 
cannot  be  ascertained  from^  the  material  studied,  but  it  is 
evidently  open  during  the  formation  of  several  whorls.  Dur- 
ing the  concrescence  of  the  first  few  air  chambers,  while  the 
diameter  of  the  tube  is  diminishing,  the  tendency  of  the 
umbilicus  is  to  enlarge  rapidly.  Subsequent  increase  in  the 
tube  and  the  greater  involution  of  the  whorls  contract  it,  so 
that  in  adult  specimens,  it  is  closed,  while  in  large  and  often 
senile  individuals,  a  secondary  deposit  is  made  about  the  um- 
bilicus, entirely  obliterating  it  and  covering  the  growth  lines 
of  the  shell.*  Evidently  this  formation  is  similar  to  that  de- 
poeited  by  the  dorsal  lobe  of  the  mantle  in  NautUuspompiliuH. 

The  axial  diameter  of  the  embryo  shell  is  somewhat  greater 
than  that  of  several  of  the  succeeding  air  chambers.  Thus, 
the  tube,  in  its  growth,  first  contracts,  and  does  not  assume  the 
regular  rate  of  increase  until  after  the  formation  of  at  least 
the  second  septum.  A  cross  section  at  the*  first  septum  is  trans- 
versely subelliptical,  slightly  arcuate,  with  a  longer  diameter 
two  and  one-third  times  greater  than  the  shorter.  When  a 
transverse  diameter  of  1-2°^  is  reached  by  the  larval  shell,  the 
outline  of  a  section  is  lunate,  but  the  proportions  of  leneth 
and  height  are  not  materially  changed.  A  section  of  the  adja- 
cent whorl  is  still  more  arcuate,  as  shown  in  figure  6,  and  in 
an  adolescent  specimen  11-5°*™  in  diameter  it  is  seen  that  the 
diametral  relations  have  become  interchanged,  and  that  the 
outer  whorl  is  elliptical  in  a  vertical  direction,  and  excavated 
by  the  inner  whorl  to  nearly  half  its  longest  diameter,  making 
the  shell  in  all  nealogic  and  ephebolic  stages  decidedly  com- 
pressed in  outline  (figure  13). 

The  first  septum  (figures  1,  2,  -4)  is  moderately  concave,  and 
extends  nearly  to  the  axis.  The  suture  is  simple,  being  nearly 
in  a  single  plane,  without  apparent  lobes  or  saddles.  Occa- 
sionally, the  internal  mould  shows  a  si  phonal  lobe  due  to  the 
breaking  away  of  the  extremely  thin  filling  between  the  siphon 
and  ventrum,  but  perfect  specimens  determine  this  to  be  an 
accidental  condition. 

In  the  section  represented  in  figure  12,  the  first  two  septa 
are  much  thicker  than  those  immediately  succeeding,  a  feature 
also  noticeable  on  the  exterior  of  the  internal  mould.  Like- 
wise, the  first  and  second  air  chambers  are  deeper  than  the 
three  or  four  following.  "With  these  exceptions,  the  septa  and 
air  chambers  are  generally  uniform  in  their  progression  until 
the  adult  stage. 

It  has  already  been  noted  that  the  first  septum  is  extremely 
simple,  without  apparent  lobes  or  saddles.     In  the  second  sep- 

♦This  feature  is  well  represented  in  figure  11,  Plate  127  of  Pal.  N.  Y.,  vol.  vii, 
Supplement. 
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turn,  there  is  a  well-developed  sinus  over  the  sipbnncle,  forming 
a  rounded  ventral  lobe,  and  a  broad  lateral  saddle,  with  a  cor- 
responding, though  less  prominent,  dorsal  saddle.  The  third 
ana  following  septa  present  more  and  more  sharply  angular 
ventral  lobes,  until  finally  it  is  further  extended  by  a  siphonal 
fissure  in  post-nepionic  stages.  The  lateral  saddle  is  not  bo 
strongly  curved  from  the  fourth  to  the  seventh  suture  which 
is  quite  flat,  but  in  the  eighth,  a  slight  retral  bend  is  observable 
This  evidently  marks  the  inception  of  the  lateral  lobe.  The 
septum  is  now  divided  into  the  leading  members  characteristic 
of  the  group,  viz :  a  ventral  lobe  and  saddle,  a  lateral  lobe  and 
saddle,  a  dorsal  saddle  and  an  annular  lobe,  although  the  two 
latter  are  less  strongly  marked  than  the  others.  Further 
growth  merely  serves  to  emphasize  these  features,  until  the 
nealogic  stadium,  when  the  ventral  lobe  is  extended  by  the 
siphonal  fissure,  and  a  minute  cone  appears  at  the  bottom  of 
the  annular  lobe. 

Several  specimens  of  the  protoconch  give  evidence  of  the 
presence  of  the  siphonal  coecum,  and  show  that  it  was  probably 
closely  appressed  to  the  ventral  wall.  Figure  3  illustrates  the 
ovoid  marking  on  the  interior  of  the  shell,  enclosing  two 
diverging  lines  which  apparently  represent  the  appressed  por- 
tion of  the  true  coecum,  while  the  outer  curved  lines  limit  the 
shelly  deposit  of  attachment.  The  relative  diameter  of  the 
siphon  at  the  first  and  for  a  number  of  succeeding  chambers  is 
much  greater  than  in  the  mature  shell  (figures  1,  6,  13).  From 
the  beginning,  it  is  situated  close  to  the  abdominal  wall,  and  is 
nearly  invariable  in  its  character. 

The  embryonic  shell  is  very  thin,  and  almost  smooth  in  its 
earlier  portions ;  then  fine  revolving  lines  of  granules  appear, 
which  become  progressively  more  pronounced  and  arranged  in 
transverse  rows,  between  which  the  earliest  of  the  concentric 
striae  are  developed.  With  the  increase  in  the  strength  of  the 
striae,  the  granules  disappear,  and  are  obsolescent  before  the 
protoconch  is  completed  (figure  7).  The  strise  are  sharp, 
elevated,  and  straight,  forming  a  conspicuous  feature  of  the 
ornamentation,  until  in  the  third  or  fourth  whorl,  when  they 
become  subdued,  and  finally  are  replaced  by  the  fine  inconspic- 
uous and  often  fasciculate  lines  of  growth  which  are  present 
in  the  adult  shell.  JS'o  indication  of  a  funnel  is  shown  up  to 
the  completion  of  the  first  whorl  (figure  10),  as  the  stria 
continue  straight  across  the  ventrum,  but  in  the  second  (figure 
11),  the  pronounced  sinus  in  the  striae  shows  that  the  funnel 
had  developed  or,  at  least,  had  become  of  functional  importance. 

A.  comparison  of  the  figures  of  T.  retr^orsum^  v.  B.,  var. 
typum^  Sand.,  as  illustrated  by  Brauco  {loc,  cit  pi.  v.  fig.  vii), 
with  the  present  species  shows  that  the  former  presents  a  more 
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ircuate  first  septum,  and  that  the  second  is  comparable  with 
iie  third  or  fourth  of  T.  uniangvlare^  clearly  inaicating  that 
the  development  has  been  accelerated  by  the  skipping  of  at 
least  two  phases  of  growth  in  the  septa.  In  other  characters, 
the  two  forms  merely  indicate  differences  which  are  probably 
jnly  of  specific  importance,  such  as  the  more  angular  form  of 
the  lobes  and  saddles  in  T,  retrorsum,  var.  typum^  and  the 
absence  of  the  minute  cone  at  the  summit  of  the  annular  lobe. 

Yale  University  Museum,  April,  1890. 


EXPLANATION  OF  PLATE  I. 

PiQURE  1. — Protoconch,  showing?  first  septum  with  lateral  edges  broken,     x  18. 

Figure  2. — Side  view  of  preceding,     x  18. 

Figure  3. — Ventral  view  of  protoconch  with  one  attached  air  chamber,  showing 

siphonal  ccecum.     x  18. 

Figure  4. — Side  view  of  first  whorl,     x  18. 

FiGUBE  5. — Ventral  view  of  preceding,  showing  development  of  ventral  lobe,  x  1 8. 

Figure  6. — Transverse  section  of  two  whorls  near  the  protoconch.     x  18. 

Figure  7. — Ventral  side  of  protoconch,  retaining  the  shell,     x  18. 

'^GURE  8. — Ventral  side  of  specimen  with  first  chamber,  showing  surface  orna- 
ments and  indication  of  siphonal  coecum.     x  18. 

<1gure  9. — Profile  of  same,      x  18. 

^GURE  10. — Surface  ornaments  on  a  specimen  consisting  of  a  single  whorl,     x  18. 

^louRE  11. — Pour  striae  from  the  second  whorl  of  a  specimen  showing  funnel 

sinus.     X 18. 

fioxjRE  12. — Vertical  section  showing  septa  and  air  chambers,      x  18. 

'■*I0URE  13. — Outline  of  a  half  grown  specimen,      x  3. 

'"iGURE  14. — A  series  of  developed  septa  beginning  with  the  first,  showing  gradual 

inception  and  formation  of  lobes  and  saddles  to  the  adult  period 
represented  hy  j.    a,  6,  c,  d,  represent  the  1st,  2d,  3d  and  4th  septa, 
while  e  and  /  represent  the  7th  and  8th  respectively,      x  9. 
Specimens  in  Yale  University  Museum,  from  the  Hamilton  shales  of  Wende 

>tatioQ,  N.  Y.,  except  specimen  figure  13,  which  is  from  18-Mile  Creek,  N.  Y. 


A.RT.  IX. — Fmalite  in   the    Obsidian  of  Lipari;    by  Jos. 

r.  Iddings  and  S.  L.  Penfield. 

The  Lipari  islands  have  long  been  celebrated  for  their  acid 
lavas  and  pumices ;  and  it  was  for  the  purpose  of  becoming 
acquainted  with  their  craters  and  flows  of  these  rocks  that  one 
of  the  writers  recently  visited  this  far  famed  locality.  The 
obsidian  flows  that  terminated  the  volcanic  activity  which  built 
np  the  craters  of  snpw-white  pumice  stretch  their  glassy 
streams  down  the  steep  mountain  slopes  into  the  sea.  Their 
npper  surface  presents  a  rough  and  forbidding  tract  of  sharp 
smgular  blocks,  which  appear  to  have  suffered  very  little  change 
since  the  solidification  of  the  lava.  This  portion  of  the  ob- 
sidian is  filled  with  small  gas  bubbles  that  give  it  a  gray  color, 
Eind  a  more  or  less  banded  and  laminated  structure. 
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The  inflation  was  not  sufficient  to  produce  pumice,  as  in  the 
case  of  the  obsidian  flow  at  Obsidian  CliflE  in  the  Yellowstone 
National  Park.* 

The  spherulites  and  lithophysae  that  occur  within  the  lava 
sheets  some  distance  from  their  upper  surface  are  small.  They 
are  very  abundant  in  places  and  are  distributed  irregularly, 
and  also  in  layers.  Occasionally,  finely  spherulitic  bands  ren- 
der the  rock  lithoidal.  The  obsidian  is  jet  black,  but  on  thin 
edges  it  is  very  transparent,  and  the  light  gray  spherulites  may 
be  seen  at  some  deptn  within  the  rocK.  The  hollow  sphem- 
lites  in  the  obsidian  stream  from  the  Forgia  Vecchia  on  the 
east  side  of  the  island  of  Lipari  are  complex-looking  bodies. 
At  first  fflance  they  appear  to  be  gray,  noUow  shells  with  a 
rudely  spherical  kernel  at  the  center.  Upon  closer  examina- 
tion it  is  seen  that  the  kernel  is  a  highly  crystallized  spheruUte 
with  distinctly  radial  structure  combined  with  many  small 
globules.  The  center  of  the  kernel  is  dense  and  gray,  but  the 
outer  portion  consists  of  a  bristling  mass  of  acicular  crystals, 
radiating  outward,  together  with  the  crystalline  pellets  already 
mentioned.  The  same  crystals  coat  the  inside  of  the  surround- 
ing shell,  and  in  many  places  are  continuous  with  those  of  the 
kernels,  and  are  evidently  the  same  growth.  The  shell  is  dense 
with  a  8ub-vitreous  luster,  and  has  a  narrow  white  band  parallel 
to  the  inner  margin.  The  amount  of  space  between  tne  ker- 
nel and  shell  varies  considerably.  In  tne  smaller  spherulites 
there  is  very  little,  and  the  whole  body  is  clearlv  one  sphero- 
lite  consisting  of  a  central  portion  with  distinctly  radial  struc- 
ture, surrounded  by  concentric  shells  of  slightly  different 
characters.  The  innermost  of  these  shells  is  nighly  crystal- 
line, white  and  porous,  with  minute  spaces  between  the  acicular 
crystals.  The  next  shell  is  dense,  gray  and  sub-vitreous,  and  is 
followed  by  a  narrow  white  one;  the  outside,  broader  shell 
being  dense,  gray  and  sub-vitreous.  In  the  larger  spherulites 
the  porous  zone  has  become  so  porous  or  open  tnat  it  forms  a 
cavity  between  the  central  part  of  the  spherulite  and  the  outer, 
denser  zones. 

Within  the  larger  cavities  the  white  pellets  are  recognizable 
as  spherical  groups  of  tridymite,  and  with  them  are  associated 
occasional  thin  tablets  of  fayalite,  which,  however,  are  not 
found  in  all  of  the  spherulites. 

A  microscopical  examination  of  the  spherulites  shows  that 
they  are  beautifully  crystallized  at  the  center,  the  radiating 
needles  being  alkali  feldspar.  Tridymite  is  also  present,  in 
places  being  clustered  in  spherical  groups  of  minute  crystals. 
The  structure  is  the  same  as  that  observed  in  some  of  the 

*  Obsidian  Oiff,  Yellowstone  National  Park,  by  J.  P.  Iddings,  Seventh  Annual 
Report  of  the  U.  S.  Geological  Survey,  1888,  p.  266. 


\gs  and  Penjidd — Fayalite  in  Obsidian  of  LipaH.    77 


lites  at  Obsidian  Cliff,  and  described  in  the  paper  already 
The  outer  shells  are  fibrous,  the  gray  ones  being  col- 
Y  a  cloudy  material,  which. is  light  brown  in  transmitted 
nd  does  not  appear  to  be  doubly  refracting.  The  feldspar 
hroughont  the  spherulite  are  variously  orientated  in  the 
I  their  elongation,  so  that  they  extinguish  light  between 
[  nicols  in  groups  at  different  angles  to  me  plane  of 
ation,  and  exhibit  no  definite  dark  cross.  In  this  respect 
e  spherulites  correspond  to  those  at  Obsidian  Cliff, 
chief  interest,  however,  attaches  itself  to  the  fayalite 
3  in  the  cavities,  which  have  not  been  noticed  heretofore, 
ire  not  abundant,  but  occur  in  several  localities,  having 
>und  by  the  writer  at  Forgia  Vecchia,  and  in  the  obsi£ 
3am  on  Volcano,  and  havmg  been  noted  in  specimens 
fonte  della  Guardia  on  the  island  of  Lipari.  In  the  first 
jond  occurrences  just  mentioned  the  fayalite  is  perfectly 
nd  transparent.  In  the  third  it  is  more  or  less  altered 
aque. 

crystals  of  fayalite  found  at  Forgia  Vecchia  are  very  thin 
the  largest  being  about  l""""  long,  0*5°*"  wide  and  less 
03""™  thick.  The  habit  of  the  crystals  is  shown  in  the 
)anying  figure.  The  forms  which  were 
ied  are  a,  100,  ^-^;  J,  010,  ^-^;  m,  110, 
)21,  24;  and  e^  111,  1.  A  slight  varia- 
habit  is  sometimes  caused  by  the  greater 
pment  of  the  e  faces.  It  should  be 
that  the  prism  in  this  occurrence  is  m, 
and  not  «,  120,  as  in  the  fayalite  from 
in  Cliff,  Yellowstone  Park,  and  that  the 
)lane  c,  001,  is  wanting.  Very  accurate 
ements  of  course  can  not  be  expected 
iuch  very  minute  crystals,  but  by  em- 
5  a  strong  illumination  and  a  low  ocular  lens,  8  of 
y,  the  following  angles  were  measured  on  a  Fuess  goni- 
,  which  serve  perfectly  for  the  identification  oi  the 
The  calculated  angles  are  derived  from  the  axial  ratio 
ihed   on  the   fayalite  from   the   Yellowstone   National 


Measared. 

Calculated. 

a  A.  €, 

100  .V  111 

42'' 5' 

42**  27' 

e^  e, 

111  ^111 

OS**  38' 

95"  6' 

h^k, 

010a021 

4r  2' 

40"  49' 

a  ^  m. 

100.^110 

24"  30' 

24"  38' 

m  >^  m^ 

110^  110 

130"  35' 

130"  44' 

ye  is  distinct  parallel  to  5,  010.     The  crystals  have  a 
pellow  color  and  show  no  perceptible  pleochroism.     In. 

Journal,  III,  xxx,  1886,  p.  58,  also  Seventh  Annual  Report  of  the  U.  S. 
\\  Survey,  1888,  p.  271. 
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polarized  light  they  give  an  extinction  parallel  to  the  vertical 
axis ;  and  in  the  45  decree  position  the  thickest  crystals  ex- 
hibit an  interference  color  which  is  red  of  the  second  order. 
In  convergent  polarized  light  an  obtuse  bisectrix  emerges  at 
right  angles  to  a,  100,  the  plane  of  the  optic  axes  being  paral- 
lel to  the  base.  The  optical  orientation  is  ^=c,  ^=a  and  (?=b. 
Since  a  is  the  acute  bisectrix  the  double  refraction  is  negativa 
These  optical  properties  not  only  agree  with  orthorhombic 
symmetry,  but  also  with  the  determinations  made  on  the 
Yellowstone  Park  fayalite. 

When  treated  with  hydrochloric  acid  the  crystals  are  decom- 
posed, and  gelantinize.  They  contain  ferrous  iron,  and  after 
the  separation  of  the  iron  from  solution  with  ammonia,  they 
yield  no  micro  chemical  reaction  for  m^nesia.  Their  chemi- 
cal composition,  therefore,  is  undoubtedy^  the  same  as  that  of 
the  fayalite  from  Obsidian  Cliff,  namely :  orthosilicate  of  iron. 

The  occurrence  of  fayalite  in  the  hollow  spherulites  and 
lithophysffi  in  the  obsidian  of  the  Lipari  islands,  while  not  so 
abundant  as  in  that  of  the  Yellowstone  Park,  is  identical.  It  is 
associated  in  the  same  manner  with  tridymite  and  alkali  feld- 
spars, and  its  development  is  unquestionably  due  to  the  same 
causes  in  the  two  regions. 


Art.  X. — 0?i  some  Seleniuin  and  Telhirium  minerals  from 
Honduras ;  by  Edward  S.  Dana  and  Horace  L.  Wells. 

Through  the  kindness  of  Mr.  Henry  S.  Durden,  of  the 
State  Mining  Bureau  in  San  Francisco,  we  have  received  a 
number  of  specimens  of  minerals  containing  selenium  and 
tellurium,  two  of  which  have  proved  to  be  of  unusual  interest 
The  presence  of  selenium  in  some  of  them  had  been  already 
determined  by  Mr.  Charles  G.  Schneider  before  they  were 
sent  to  us,  but  further   than  that  the  examination  had  not 

fone.     The  locality  from  which  they  were  obtained,  as  Mr. 
)urden  informs  us,  is  the  El  Plomo  mine,  Ojojoma  District, 
Department  of  Tegucigalpa,  Honduras. 

The  mineral,  to  which  our  attention  was  first  directed, 
proved  upon  blowpipe  examination  to  contain  selenium  and 
tellurium,  while  the  metals  proper  were  absent.  It  presents 
itself  in  massive  forms  only,  with  indistinctly  columuar 
structure  and  shows  a  perfect  cleavage  parallel  to  a  prism  of 
60°.  The  color  is  blacKish  gray,  the  streak  black.  It  is  dis- 
seminated through  a  gan^e  consisting  chiefly  of  quartz  with 
some  barite.  An  analysis  TWells)  of  the  mineral  proved  it 
to  contain  selenium  and  tellurium  only.     The  separation  of 
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seleninm  and  telluriam  was  effected  by  the  very  convenient 
method  of  Divers  and  Shimose.*  In  carrying  out  this  method, 
it  was  foand  that  the  selenium  obtained  by  a  single  separation 
sometimes  contained  quite 'a  large  quantity  of  tellurium,  but 
the  latter  could  be  readily  removed  by  one  or  two  repetitions 
of  the  process. 

The  results  obtained  are  as  follows,  after  deducting  65*68 
per  cent  of  gangue  consisting  of  about  43  per  cent  of  silica 
and  19  per  cent  of  barite  with  a  little  gypsum  and  a  trace  of 
alumina : 

Se    29-31 

Te  70-69 


100-00 


The  mineral  is,  therefore,  intermediate  between  selenium  and 
tellm'inm  in  composition,  and  contains  these  elements  in  very 
nearly  the  ratio  of  2 : 3 ;  though  we  do  not  attach  any  importance 
to  the  ratio,  for  the  mineral  obviously  represents  simply  an 
isomorphous  mixture  of  these  two  elements.  It  is  of  great 
interest,  however,  since  it  is  the  nearest  approach  to  native 
seleninm  which  has  yet  been  found  in  nature. f  The  mineral 
most  closely  allied  to  it  is  a  native  tellurium  from  Faczebaja 
in  which  Foullon  found  6*7  per  cent  of  selenium.  It  seems  to 
us,  therefore,  to  deserve  to  be  given  a  somewhat  prominent 
position  and  we  propose  to  call  it  SeUnteUurium,  It  is  inter- 
esting to  note  here  the  recent  observations  of  Muthmannf 
showing  among  other  new  points  the  existence  of  an  allotropic 
form  of  metallic  selenium  in  hexagonal-rhombohedral  crystals, 
closely  isomorphous  with  metallic  tellurium.  Our  mineral  is 
shown  by  its  hexagonal  cleavage  to  belong  with  these,  as  was 
to  have  been  expected. 

Associated  with  the  selen-tellurium  are  a  few  minute  trans- 
parent crystals  having  a  pale  yellow  color  and  adamantine 
luster,  which  have  the  appearance  of  tellurite.  The  quantity 
is  so  extremely  small  as  to  make  an  examination  unsatisfactory 
and  we  defer  the  matter  in  the  hope  of  obtaining  additional 
material 

Quite  distinct  from  the  yellow  crystals  just  mentioned,  is  a 
greenish  yellow  mineral  which  is  also  obviously  an  oxidation 
product  and  which  is  present  more  abundantly.  It  is  best  shown 
in  two  or  three  specimens,  having  the  aspect  of  a  quartzose  con- 
glomerate and  containing  patches  of  a  grayish  metallic  mineral 
which  proved  to  be  neany  pure  tellurium.     Through  this  it  is 

♦  Jour.  Chem.  Soc,  xlvii,  439.- 

f  We  pass  over  Del  Rio's  UDConfinned  statement,  in  regard  to  the  occurrence 
of  native  selenium  in  Mexico,  as  not  deserving  of  serious  consideration. 
\  Zeitachr.  far  Krjst,  xvii,  356,  1890. 
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scattered  in  points  and  narrow  veins.  It  is  soft,  with  hardneeB 
from  2  to  2*5  and  is  easily  crushed  to  powder.  The  sorfaoe, 
when  exposed,  is  small  mammillary  and  but  little  structure  is 
discernible  even  under  the  microscope,  although  a  tendencv  to 
separate  into  distinct  scales  is  noted.  The  action  on  polarized 
light  is  very  feeble.  The  mineral  is  intimately  mixed  with 
the  gangue  and  it  was  only  by  using  extreme  care  that  it  was 
found  possible  to  separate  a  sufficient  quantity  of  material  for 
analysis,  the  purity  of  which  could  be  regarded  as  beyond  all 
question.  Tnis  was  finally  accomplished,  however,  and  an 
analysis  made  with  the  following  results.  Of  the  whole 
amount  obtained,  viz :  0-32  grams,  0*12  gr.  was  taken  for  a 
water  determination  and  the  remainder  0*20  gr.  for  the  other 
determinations.  The  results,  considering  the  small  quantities 
used,  are  very  satisfactory.     The  analysis  is  as  follows : 

Ratio. 

Water 7-67 -f-   18  =426                3'65            406  4 

TcOa 47-20-*- 157  = -301  [.,,R     „.«„  ^,     a.^n  ^,     o 

SeO, l-60-f-lll=014f  ^^^     262  or    3  00  or    3 

FeaOa 19-24-i-160  =   120                100            1*14  1 

Insol 23-89 


99-60 

These  ratios  are  not  quite  exact,  but  there  can  be  no  doubt 
that  it  is  a  normal  ferric  tellurite  of  the  composition  Fe,0,. 
3TeO, .  4H,0  or  Fe,  (TeO,).4- 4H,0.  The  slight  excess  of 
Fe,0,  shown  by  the  ratio  very  probably  comes  from  the  red- 
dish ochreous  material  associated  with  it. 

The  calculated  composition,  with  -^  of  the  Te  atoms  replaced 
by  Se,  is : 

Calculated  for  Analysis 

FeaO,  y^  TeOa  -f  SeOa .  4H,0.  Deducting  InsoL  Bm, 

TeO, 64-41  TeO, 62-34 

SeO     2-28  SeO     2-12 

Fe,0, 22-97  Fe,0, 26-41 

H.O 10-34  H.0 10-13 


100-00  100-00 

That  the  mineral  is  a  ferric  telluric  is  evident  since  it  gives 
off  no  chlorine  when  boiled  with  HCl,  nor  does  it  give  any  reac- 
tion for  ferrous  iron  when  dissolved  in  cold  HCl. 

Two  other  tellurium-iron  minerals  have  been  thus  far 
described :  these  are  Genth^s^  f err otellurite  and  the  emm^ansiU 
of  Hillebrandf  Our  mineral  is  like  ferrotellurite  in  color, 
but,  if  the  results  of  Genth's  qualitative  trial  can  be  accepted 
as  conclusive,  his  mineral  was  a  ferrous  tellurate,  which  eepa- 

*  Proc.  Acad.  Nat.  Sci.  Philad.,  xvii,  119,  1877. 
t  Proc.  Colorado  Sci.  Soc,  ii,  1886. 
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t  widely  from  the  Honduras  ferric  tellurite.  Emmousite 
ponds  in  composition  more  closely,  being  also  a  ferric 
te,  and  we  were  inclined  at  first  to  think  that  the  two 
als  might  be  identical.  Through  the  kindness  of  Dr. 
»rand  we  have  had  an  opportunity  to  inspect  the  original 
nsite,  and  furthermore  Dr.  Hillebrand  nas  made  a  new 
cal  examination  of  the  scanty  amount  of  material  at 
the  results  of  which  are  appended  to  our  paper.  Our 
xamination  did  not  extend  beyond  a  microscopic  study 
3  cleavage  plates,  but  these  while  confirming  the  points 
by  Mr.  Cross  in  regard  to  the  cleavages  and  chief  optical 
iters,  proved  that  in  appearance  the  Honduras  mineral 
mmonsite  are  widely  different.  Moreover,  Dr.  Hille- 
's  recent  results  show  that  the  two  minerals  differ  both 
io  of  tellurium  to  iron,  and  also  in  amount  of  water. 
Honduras  mineral  consequently  cannot  be  united  with 
of  the  minerals  named,  and  although  our  knowledge  of 
ysical  characters  is  imperfect,  the  simplicity  and  exact- 
I  the  chemical  formula  shows  that  it  deserves  to  rank  as 
nite  mineral  species.  We  propose,  therefore,  to  call  it 
enite  after  the  gentleman  to  whose  kindness  we  are 
;ed  for  all  the  material  we  have  had  to  use. 

Note  on  Emmonsit^  by  Dr.  W.  F.  Hillebbakd. 

ve  attempted  a  re-analysis  of  emmonsite  with  the  extremely 
1  quantity  belonging  to  Mr.  Cross,  which  he  kindly  cou- 

to  sacrifice  for  the  purpose.     Unfortunately  the  analysis 

ot  entirely  successful,  but  what  was  done  upholds  the  cor- 

ss  of  my  former  analysis  and  seems  to  prove  that  the  two 

lis  are  distinct.     The  weight  taken  lor  analysis  was  '0764 

The  water  was  determined  in  this  by  heating  in  a  boat 

plug  of  dry  sodium  carbonate  filling  the  tube  in  front,  and 
ing  the  water  in  a  calcium  chloride  tube.  The  weight 
was  '0032  grams,  or  4*2  per  cent.  This,  under  the  circum- 
B,  is  as  near  as  could  be  expected  to  my  original  deter- 
on  (3'28  per  cent),  which  was  made  on  less  pure  material, 
lows  that  emmonsite  is  distinct  from  the  Honduras  mineral, 

has  over  10  per  cent  of  water.  After  dissolving  the 
i  mineral,  a  rather  considerable  portion  of  the  solution 
ifortunately  lost,  but  the  relation  of  the  iron  and  tellurium 
at  remained  was  estimated ;  the  result  being  Fe, :  Te  = 
».  This  is  very  near  that  originally  found,  i.  e.,  1 :  3*65. 
not  detect  any  zinc  in  this  analysis,  which  is  confirmatory 
;  opinion  formerly  expressed  that  it  was  present  as  an 
ture  in  some  form. 

egard  to  the  behavior  of  emmonsite  on  heating  it  may  be 
that  even  at  as  low  a  temperature  as  100°  C.  it  becomes 

TouK.  Sci. — Thibd  Series,  Vol.  XL,  No.  235. — July,  1890. 
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brownish,  but  regains  its  green  color  on  cooling  witboat  bavine 
suffered  loss  in  weight.  In  an  unpowdered  condition  it  decrepi- 
tates rather  violently  on  farther  heating,  and,  as  originallj 
stated,  fuses  readily  to  a  red-brown  liquid.  In  regard  to  the 
evidence  as  to  the  condition  of  oxidation  of  the  iron  and  tellarium 
in  emmonsite  afforded  by  boiling  the  mineral  with  hydrochloric 
acid,  I  would  add  that  my  former  experiment  was  oarefolly 
made  and  the  products  of  distillation  were  collected  in  a  solution 
of  potassium  iodide.  No  evolution  whatever  of  iodine  was 
observed.  While  this  would  not  prove  the  entire  absence  of  a 
ferrous  tellurate,  it  does  prove  conclusively,  as  indicated  in  my 
original  paper,  that  the  mineral  is  chiefly  a  ferric  tellurite.  Thii 
being  true,  it  would  be  reasonable,  even  without  other  evidence, 
to  conclude  that  the  mineral  is  simply  a  ferric  tellurite  and  not  a 
combination  of  ferric  tellurite  with  ferrous  tellurate. 

Washington,  May  31,  1890. 


Art.  XL — On  Coniiellite  frora  Cornwall^  England; 

by  S.  L.  Penfield. 

The  rare  Cornish  mineral,  Connellite,  was  first  described  ae 
a  new  species  by  Prof.  Connell,  who  presented,  in  1847,  at  a 
meeting  of  the  British  Association  for  the  Advancement  of 
Science,*  a  short  communication  in  which  he  stated  that  from 
qualitative  tests  he  had  proved  it  to  be  a  salphato-chloride  of 
copper  containing  water.  The  name  Connellite  was  first  given 
by  Prof.  J.  D.  Dana,  in  the  third  edition  of  his  Minersuogy, 
1850.  In  the  fifth  edition  of  his  Mineralogy  he  also  gives  a 
reference  to  the  mineral  as  early  as  1802,  by  Rasleighjf  who 
calls  it  a  "copper  ore  of  an  azure  blue  color,  composed  of 
needle  crystals,^'  from  Wheal  Providence.  In  1863  Maske- 
lynej  published  a  description  of  the  crystals,  in  which  he  dete^ 
mined  the  form  as  hexagonal,  habit  slender  prismatic,  with 
holohedral  pyramidal  terminations.  Owing  to  their  small  size 
(crystals  being  not  over  y^^  inch  in  diameter),  he  was  unable 
to  measure  the  angle  of  the  terminal  faces  on  the  ordinary  re- 
flecting goniometer,  but  by  means  of  a  microscope  attachment 
to  his  goniometer  he  was  able  to  measure  them  with  a  fair  de- 

free  of  accuracy.  He  identified  two  prisms,  a  pyramid  of  the 
rst  order,  and  a  di-hexagonal  pyramid.  He  gives  two  figures, 
one  of  which  is  copied  in  the  fifth  edition  of  Dana's  Mineral- 
ogy, the  other  representing  a  simpler  combination  of  prism  of 
the  second  with  pyramid  of  the  first  order. 

♦  Report  of  the  British  Association  for  1847.     f  Brit.  Min.,  ii,  13,  pi.  12,  f.  1,  6. 
X  Phil.  Mag.,  IV.  XXV,  39. 
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The  mineral  is  one  of  special  interest  to  the  author  owin^  to 
\  apparently  close  relation  to  the  newly  described  Spangolite,* 

weU  as  the  general  interest  which  one  always  has  for  such  a 
re  and  beautiful  mineral,  which  has  been  for  so  many  years 
entioned  and  partially  described  in  mineralogical  literature. 
3rtanately  Prof.  Brush  had  in  his  cabinet  a  specimen  of  the 
ineraly  laoeled  Camborne  in  Cornwall  which  he  had  obtained 
om  the  Mineralien-Niederlace  in  Freiberjg  and  which  he  gen- 
ously  placed  at  my  disposal.  The  specimen  was  composed 
liefly  of  octahedral  cuprite,  in  the  cavities  of  which  the  con- 
jllite  had  deposited,  mostly  in  radiated  groups ;  malachite  and 
;ate  were  also  associated  with  it.  It  did  not  at  first  seem  pos- 
ble  that  enough  material  could  be  obtained  for  making  an 
vestigation,  but  on  breaking  into  the  specimen  additional 
vities  were  found  which  contained  crystals.  Owing  to  the 
^autiful  blue  color  of  the  mineral  it  could  readily  be  distin- 
lished  from  the  cuprite,  and  by  careful  selecting  nearly  0*05 
•am  was  obtained  on  which  not  the  least  trace  of  impurity 
>uld  be  detected  when  examined  with  a  strong  magnifying  glass. 
be  specific  gravity  of  two  of  the  pieces  was  taken  m  the  barium- 
ercuric  iodide  solution,  and  found  to  be  3*364.  There  was, 
erefore,  the  possibility  of  obtaining  still  more  of  the  mineral 
^  crushing  and  sifting  all  of  the  material  which  had  been 
eked  over  and  separating  by  means  of  the  heavy  solution. 
[le  separation  presented  some  difficulties,  as  the  cuprite  was 
nnewhat  attacked  by  the  heavy  solution,  and  the  malachite 
ried  in  specific  gravity  (owing  probably  to  impurities),  some 

it  being  almost  exactly  like  the  connellite ;  the  mineral  was, 
>wever,  separated  from  the  heavier  cuprite  and  lighter  agate, 
it  still  contained  malachite,  f}*om  which  it  was  further  sepa- 
ted  by  hand  picking.  The  powder  was  repeatedly  brushed 
oth  one  watch  glass  to  another  and  examined  in  a  strong  light 
ith  a  lens,  so  that  every  bit  of  malachite  which  might  perhaps 
5  attached  to  the  connellite  might  be  seen  and  removed.  This 
peated  examination  of  the  powder  assured  the  author  that 
le  material  which  he  had  for  examination  was  of  exceptional 
irity.  Altogether  0*074  gram  of  the  pure  material  was  ob- 
ined.  Before  commencing  the  chemical  analysis  the  crystals 
ere  carefully  examined.  The  habit  agrees  well  with  the  gen- 
•al  description  of  Maskelyne ;  most  of  the  crystals  are  slen- 
sr  prismatic,  terminated  by  a  pyramid  of  the  opposite  order, 
rystals  are  seldom  over  OlS""™  in  diameter,  the  largest  are  in 
ightly  divergent  groups,  and  it  was  not  only  difficult  to  iso- 
,te  a  single  terminated  individual,  but  also  to  adjust  it  on  the 
^niometer.  In  three  cases  the  adjustment  was  made  so  that 
le    terminal   angle   of   the  pyramid  (1011  /\  Olll)  could  be 

*Thi8  Jouroal,  III,  xxxix,  370. 
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measured  with  the  following  results :  49°  26',  49°  50'  and  49"* 
;42'.  The  reflections  were  good,  but  of  course  faint,  owing  to 
the  small  size  of  the  faces.  Maskelyne  gives  for  the  same  angle 
47°  10'.  The  zone  2110,  0111  and  2110  was  also  adjusted  on 
the  goniometer  in  which  the  pyramid  was  found  to  be  at  right 
angles  to  the  prism  of  the  second  order  and  finally  one  pris- 
matic zone  was  measured  in  which  the  angles  approached  very 
closely  to  60°.  Using  the  mean  angle  oi  p  /^  p  (lOll  /s  01  II) 
=  49^39',  the  length  of  the  vertical  axis  c- =  1-3392  can  be 
calculated.  This  is  probably  obtained  from  more  exact  meas- 
urements than  those  of  Maskelyne.  Among  the  many  frag- 
mentary crystals  examined  under  the  microscope,  the  majority 
had  the  simple  habit  of  prism  and  pyramid  of  the  opposite  order, 
a  few  only  showed  the  combination  of  prism  ana  pyramid  of 
the  same  order,  while  still  others  were  slender  and  tapering,  in 
habit  like  an  Alston  Moor  aragonite  crystal,  but  usually  termi- 
nated at  the  very  end  by  the  ordinary  pyramid.  No  crystals 
were  observed  like  those  described  by  Maskelyne,  showing 
combinations  of  the  two  prisms  or  a  dihexagonal  pyramid. 

Hardness  about  3.  Specific  gravity  as  stated  above,  3*864 
The  crystals  are  transparent  and  of  a  beautiful  dark  blue  color, 
the  fine  powder  is  a  pale  greenish  blue.  Crystals  show 
under  the  polarizing  microscope  parallel  extinction  and  strong 
positive  double  refraction,  determined  on  thin  prismatic  crys- 
tals by  means  of  the  quartz  wedge :  they  exhibit  no  percepti- 
ble pleochroism,  which  agrees  with  the  statement  of  Maskelyne. 
No  distinct  cleavage  was  detected. 

The  chemical  analysis  was  made  with  great  care  on  0*0740 
gram.  This  seems  a  very  small  amount  lor  the  purpose,  bnt  I 
was  prepared  to  take  advantage  of  the  experience  which  had 
been  gained  in  the  analysis  of  spangolite,  and  as  no  rare  or  un* 
usual  constituents  were  met  with,  and  as  the  analysis  went  on 
without  any  mishap  I  am  prepared  to  place  great  confidence 
in  the  results,  which  are  as  follows : 


Ratio. 

Spangolite. 

SOs                         4-9 

•061 

TOO 

1011 

CI                            7-4 

208 

3-42 

4-11 

CuO                       72-3 

•911 

1500 

59-61 

HaO                      16-8 

•931 

16-34 

20-41 

Loss  at  100"  C.        -4 

Al, 

,0«     6-60 

101-8 

100-74 

0  equivalent  to  CI        1-7 

•      0  eq.  to  01 

•72 

1001  99-82 


The  ratio  here  is  not  very  satisfactory  except  between  SO, 
and  CuO,  with  H,0  slightly  in  excess.  If,  however,  we  assume 
that  some  OH  is  isomorphous  with  the  01  and  calculate  enougli 
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K)  that  when  added  to  the  CI  it  will  bring  the  ratio  up  to 
T8t  whole  number,  the  analysis  will  be  as  follows : 

Ratio. 


so, 

4-9 

•061 

1-00 

CI 
OH 

7-4 
•6 

•2^®  l  -243 
•035  ]  ^^^ 

400 

CuO 

72-3 

•911 

1500 

HaO 

16-6 

•913 

1504 

Loss  at  100*  C. 

•4 

2021 

talent  to  CI  and  OHi 

20 

1001 

ith  this  interpretation  the  ratio  is  very  exact,  and  from 
•epeated  instances  in  which  CI  and  OBL  mutually  replace 
tnother  it  seems  best  to  make  this  assumption  to  explain 
nalysis.  The  formula  can  then  be  written  CUj^  (CI .  OH)^ 
15H,0,  although  it  is  of  course  probable  that  all  of  the 
'hich  is  not  in  combination  with  CI  and  SO^  is  combined 
hydroxyl.  The  compound  is  very  similar  to  spangolite 
imposition,  an  analysis  of  which  is  given  above  for  com- 
on,  both  minerals  being  very  basic  siuphato-chlorides.  In 
polite,  moreover,  the  closest  relation  was  found  between 
A1,0,  and  CnO,  while  CI  was  slightly  deficient  and  H,0 
,  and  it  was  also  stated  in  discussing  that  analysis  that  the 
5  could  be  made  almost  exact  by  assuming,  as  in  this  case, 
a  little  OH  is  isomorphous  with  the  CI.  The  method  of 
rsis  was  on  the  whole  like  that  employed  in  the  analysis  of 
oolite.  The  air-dry  powder  lost  very  little  by  drying  in  a 
cSitoT  over  H,SO^  or  in  an  air  bath  at  lOO*'  C.  For  aeter- 
ng  the  water  the  mineral  was  weighed  in  a  platinum  boat, 
red  with  dried  Na,CO,  and  ignited  in  a  combustion  tube, 
^ater  being  collected  in  a  weighed  chloride  of  calcium 
:  it  was  found  to  be  neutral.  Before  making  the  experi- 
,  on  the  mineral  a  blank  trial  was  made  in  which  the  chlo- 
of  calcium  tube  gained  only  -0002  gr.,  showing  that  dried 
/O,  can  be  handled  quickly  in  the  air  without  taking  on 
ippreciable  quantity  of  moisture.  The  greatest  pains  was 
1  with  the  SO,  determination :  before  filtering  on  the  pre- 
ated  BaSO^  the  solution  containing  the  precipitate  was  re- 
jdly  evaporated  with  HCl  to  remove  as  far  as  possible  all 
),.  After  filtering  off  the  BaSO,  the  filtrate  was  again 
orated  to  dryness,  taken  up  in  very  dilute  acid  and  water 
:he  least  trace  of  BaSO^  filtered  on.  The  BaSO^  precipi- 
OTginally  weighed  0*0110  gr.  after  purifying  in  the  ordi- 
way  by  fusion  with  Na,CO,  and  repreeipitating  it  weighed 
>3  gr.,  showing  that  the  first  precipitate  was  nearly  pure, 
IS  there  is  some  chance  of  loss  during  the  manipulation  of 
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80  small  quantities  the  first  weight  was  used  in  the  analysis. 
The  very  small  percentage  of  SO,  is  certainly  remarkabla 
Finally,  the  last  filtrate,  after  precipitating  the  copper  with 
H,S.  was  evaporated  to  dryness,  ignited  to  expel  the  excess  of 
H,SO^,  the  residue  dissolved  in  water  and  tested  with  ammo- 
nia,  ammonium  sulphide,  ammonium  oxalate  and  sodium  phos- 
phate, but  as  no  precipitates  were  formed  it  was  assumed  that 
everything  had  been  precipitated  from  the  solution.  The 
weighed  AgCl  and  Cu,S  were  found  to  be  pure. 

Pyrogno8tic8  and  chemical  tests. — Connetlite  fuses  before  the 
blowpipe  at  about  2  to  a  black  shining  globule,  coloring  the 
flame  green.  Heated  in  the  closed  tube  it  gives  abundant 
water,  which  has  a  strong  acid  reaction.  Insoluble  in  water, 
but  soluble  in  dilute  acids,  the  solution  giving  with  bariam 
chloride  a  slight  precipitate  of  BaSO^. 

Mineralogical  Laboratory,  Sheffield  Scientific  School, 
New  Haven,  May,  1890. 


SCIENTIFIC    INTELLIGENCE. 
I.    Chemistry  and  Physics. 

1.  On  the  Chemical  character  of  ^eryllium.-^\n  conseqacnee 
of  the  position  of  beryllium  as  a  typical  element  in  the  periodic 
system,  Kruss  and  Moraht  have  made  an  exact  study  of  itft 
chemical  charactei-s.  The  oxide  was  prepared  from  Arendal 
leucophane,  by  acting  on  the  finely  pulverized  mineral  with  sul- 
phuric acid  in  excess,  the  operation  being  conducted  in  a  platinum 
dish.  After  driving  off  the  excess  of  acid,  the  mass  was  treated 
with  water,  and  tlie  solution  added  to  one  of  ammonium  carbon- 
ate in  excess,  in  which  the  precipitate  at  first  formed  was  dis- 
solved. After  ten  days  standing,  the  filtrate  was  boiled,  whereby 
a  precipitatie  of  beryllium  oxide  was  obtained,  containing  some 
alumina  and  iron  oxide.  To  purify  it  the  beryllia  was  dissolved 
in  hydrochloric  acid,  precipitated  with  ammonia  and  digested 
with  ammonium  carbonate  solution,  in  quantity  insufilicient  for 
complete  solution.  The  solution  after  ten  days  standing  was 
filtered  and  steam  blown  through  it  till  almost  all  the  beryllium 
oxide  was  thrown  down.  The  last  trace  of  iron  was  removed  by 
adding  ammonium  sulphide  to  the  ammonium  carbonate  solution, 
allowing  it  to  stand  two  days,  filtering  and  boiling.  The  ignited 
precipitate  was  snow-white  and  dissolved  in  hydrochloric  add 
yielding  a  colorless  solution.  To  prepare  metallic  beryllium  the 
authors  at  first  heated  a  mixture  of  the  oxide  and  metallic  mag- 
nesium in  a  porcelain  crucible ;  but  the  beryllium  obtained  wu 
contaminated  strongly  with  silicon.  They  then  reduced  potafr 
slum-beryllium  fiuoride  with  sodium  in  a  steel  crucible,  the  re- 
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oietal  being  protected  from  contact  with  the  crucible.  On 
g  the  mass  with  water  small  hexagonal  crystals  of  beryl- 
ere  obtained  mixed  with  pulverulent  metal  and  oxide.  To 
ine  whether  beryllium  oxide  could  act  as  an  acid  oxide  and 
eryllates  the  freshly  precipitated  hydroxide  was  digested 
»holic  solution  of  potassium  hydroxide  until  it  was  sat- 
,  care  being  taken  to  exclude  carbon  dioxide.  On  evapo- 
3ver  sulphuric  acid,  a  white  silky  mass  was  obtained  which 
.  formula  closely  approximating  Be(OE),.  To  determine 
sicity  of  beryllium  oxide,  absolute  alcohol  was  saturated 
iilphur  dioxide  gas,  and  pure,  recently  precipitated  beryl- 
jrdroxide  was  dissolved  in  it  to  saturation.  On  evaporation 
alphuric  acid,  a  white  crystalline  residue  consisting  of 
hexagonal  plates  was  obtained  which  on  analysis  corres- 
l  to  the  formula  BeSO,.  With  boric  acid,  a  borate 
)g  was  obtained. — Ber.  BerL  Vhem,  Ges.^  xxiii,  727,  Mch. 

G.  F.  B. 

>n  the  estimation  of  the  Molecular  mass  of  Colloids  by  the 
I  of  RaoulL — Sabai9:&bff  has  made  a  senes  of  experiments 
trmine  the  molecular  mass  of  certain  colloid  substances  by 
of  the  freezing  points  of  their  aqueous  solutions.  Col- 
tungstic  aeid,  for  example,  dried  at  200°  and  containing 
er  cent  of  water,  corresponding  to  the  formula  H,W,0 
requires  2*52  per  cent,  has  a  molecular  mass  calculated 
he  observed  lowering  of  the  freezing  point,  varying  be- 
677  and  995 ;  while  that  represented  by  the  formula 
),.  is  7  J  4.  Colloidal  molybdic  acid  forms  minute  hygro- 
plates,  which  dried  over  sulphuric  acid  for  several  weeks 
ntain  6*99  per  cent  of  water.  It  dissolves  with  difficulty 
3r  and  produces  a  lowering  of  the  freezing  point  corres- 
g  to  a  molecular  mass  of  620;  that  required  by  (MoCX)^ 
>76  and  that  corresponding  to  tetra-molybdic  acid  H^Mo^O^, 
>94.  For  glycogen  the  molecular  mass  found  was  as  a 
585,  corresponding  to  the  empirical  formula  increased  ten- 
y,Hj„OJj„,  which  requires  1620.  Dried  at  115°,  however, 
bstance  possesses  a  molecular  mass  one  and  a  half  times 
The  lowering  of  the  freezing  point  produced  by  colloidal 
icid  was  so  slight  that  the  values  obtained  all  came  within 
nits  of  observational  errors.  Colloidal  iron  hydroxide 
lot  be  obtained  free  from  chlorine ;  the  purest  solution  con- 
;  one  molecule  of  FeCl,  to  116  molecules  Fe(OH),.  On 
umption  that  the  molecular  mass  of  the  hydroxide  is  so 
hat  its  influence  in  producing  the  slight  depression  of  the 
g  point  observed  may  be  neglected,  the  author  calculates 
le  observed  data  a  molecular  mass  of  300  corresponding 
formula  Fe^CI^  which  requires  325. — J,  Buss.  Phys,  Chem. 
1889,515;  Ber,  BerL   Chem,    Qes.,  xxiii,  (Ref.)  87,  Mch. 

G.  F.  B. 

n  the  Color  of  Fluorine  and  on  its  Spectrum. — Moissan  has 
led  the  color  of  fluorine  as  seen  through  a  platinum  tube 
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50  centimeters  long,  having  its  ends  closed  with  transparent 
plates  of  fluor  spar.  Under  these  circumstances  the  gas  appean 
of  a  distinctly  greenish-yellow  color,  less  strongly  proDOUDced 
than  that  of  chlorine  and  inclining  rather  more  to  yellow.  If  a 
little  water  be  allowed  to  enter  this  tube  full  of  fluorine,  hydro- 
gen fluoride  is  at  once  formed  and  the  oxygen  is  set  free  in  the 
form  of  ozone,  in  a  condition  of  such  concentration  that  the 
contents  of  the  tube  become  of  a  deep  indigo-blue  color.  In 
order  to  obtain  the  spectrum  of  fluorine,  sparks  were  taken  in  an 
atmosphere  of  this  gas  contained  in  a  platinum  tube,  between 
gold  or  platinum  electrodes.  In  the  red  region  of  the  spectrum, 
the  author  found  thirteen  well-defined  lines  having  the  following 
wave-lengths :  749,  740,  734,  714,  704,  691,  687"5,  685-6,  683-6, 677, 
640*5,  634  and  623.  By  a  comparison  of  silicon  chloride  and 
fluoride  Salet  had  already  observed  lines  of  wave-lengths  692, 
68Q,  678,  640,  623,  which  he  attributed  to  fluorine.— &  i?.,  cix, 
937;  Ber,  Berl  Chem,  Ges,,  xxiii,  (Ref.)  140,  Mch.  1890. 

6.  F.  a 
4.  On  the  Preparation  of  Hydrazine  from  Aldehyde^^mmo- 
nia. — CuRTius  and  Jay  have  described  a  simple  method  of  ob- 
taining hydrazine  from  aldehyde-ammonia  CH, .  CH .  OH .  NH,. 
By  the  action  of  sodium  nitrite  upon  a  cold  saturated  solution  of 
aldehyde-ammonia  in  water  feebly  acid,  the  nitrosoamine  of  abase 
C^H,jO,.CH  .NH,  which  the  authors  call  paraldimine  results, 
the  nitroso-paraldimine  itself  having  the  formula  CjH,jO,.CH 
.  NNO.  If  a  little  moist  hydrogen  chloride  gas  be  passed  into 
the  ethereal  solution  of  this  nitrosoamine,  it  yields  paraldimine 
hydrochloride  C^H„0, .  CH .  NH.  HCl,  in  the  form  of  clear  color- 
less needles.  These  dissolved  in  ether  and  treated  with  silver 
oxide  yield  the  free  base  paraldimine  as  a  mobile  colorless  liquid, 
with  an  odor  recalling  that  of  paraldehyde,  and  which  solidifies 
to  a  mass  of  crystals  in  a  freezing  mixture.  By  the  action  of 
zinc  dust  and  glacial  acetic  acid  on  the  nitrosamine,  amido-pand- 
dimine  O^Hj^O, .  CH.  NNH,  is  formed;  and  this  when  boiled 
with  dilute  sulphuric  acid,  yields  paraldehyde  and  hydraziiie 
sulphate : 

CiHuOa .  C  j  ^^ jj^  +  H,0  +  HaSO^  =  CftHuOa .  C  [  Q  +  N,H4 .  H,SO. 

By  distillation  with  alkalies  hydrazine  hydrate  is  obtained  from 
the  sulphate.  The  nitroso-paraldimine  may  be  converted  directly 
into  hydrazine  sulphate  by  the  action  of  zinc  dust  and  sulpharic 
acid ;  but  the  yield  is  small  owing  to  the  fact  that  the  reduction 
is  liable  to  go  too  far. — Ber,  Berl.  Chem,  Gea.y  xxiii,  740,  Mch. 
1 890.  G.  F.  B. 

II.    Geology  and  Mineralogy. 

1.  Post' Tertiary  Deposits  of  Mafiitoba  and  the  adjoining 
territories  of  Northwestern  Canada  ;  by  J.  B.  Ttrbell,  of  the 
Geological  Survey  of  Canada.  (Bulletin  of  the  Geological 
Society  of  America.) — The  district  treated  of  in  this  paper  com- 
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es  the  northern  extension  of  the  prairies  of  Dakota  and  Mon- 
\  lying  within  Canadian  territory,  and  consists  largely  of  the 
ina^e  basins  of  the  Saskatchewan  and  Assiniboine  Rivers 
itching  westward  from  the  Archaean  nucleus  to  the  Rocky 
antains.  This  region  is  almost  entirely  underlain  by  clays 
:  sands  of  Cretaceous  or  Laramie  a^e.     But  some  Miocene 

Pliocene  conglomerates,  composed  of  quartzite  pebbles  from 

Rocky  Mountains  extend  as  far  east  as  long.  107°  15',  and 
se  conglomerates  furnish  a  secondary  source  of  supply  for 
ay  of  the  quartzite  pebbles  of  the  drift. 

?he  whole  region,  with  the  exception  of  four  of  the  higher 
Dt8  near  its  southwest  corner,  is  covered  with  a  deposit  of  till 
t  varies  greatly  in  thickness,  being  especially  affected  by  the 
ny  inequalities  in  the  surface  of  the  underlying  older  beds. 
I  till  is,  as  usual,  an  unstratified  deposit  largely  of  local  origin, 

having  included  in  it  a  considerable  amount  of  material  dc- 
^d  from  the  northeast.  In  the  more  western  parts  of  the 
ladian  plains  it  may  be  subdivided  into  two  divisions,  sepa- 
»d  by  a  distinct  interglacial  formation,  showing  clear  evidence 
a  retreat  and  a  re-advance  of  the  continental  glacier,  but  for 
nitoba  proper  the  evidence  of  an  interglacial  period  is  not 
3lear. 

The  fact  is  also  again  clearly  pointed  out  that  there  is  a  nar- 
j  belt  of  country  stretching  along  the  foot  of  the  Rocky 
untains  from  which  the  till  is  absent  and  which  has  never 
)n  overridden  by  the  continental  glacier. 

intimately  associated  with  the  till  are  a  number  of  terminal 
raines  similar  to  those  that  have  been  traced  out  by  several 
lerican  geologists  in  Minnesota,  Wisconsin  and  farther  east, 
ich  appear  to  extend  in  approximately  parallel  lines  in  a 
'thwesterly  and  southeasterly  direction  across  the  plains,  be- 
ming  on  the  east  with  the  Riding  and  Duck  Mountains  and 
ending  westward  to  the  Hand  Hills  and  the  western  end  of 

Cypress  Hills.  No  terminal  moraine  is  to  be  seen  along  the 
item  edge  of  the  lill-covered  area,  but  the  drift  gradually 
QS  out  and  disappears.  The  theory  is  advanced  that  isolated 
es  may,  for  short  intervals  of  time,  have  occupied  the  space 
ween  the  icefoot  and  the  eastern  flanks  of  the  mountains,  being 
amed  in  to  the  north  and  south  by  local  glaciers  moving  east- 
rd. 

The  direction  of  flow  of  the  continental  glacier  has  been  traced 
r  to  some  extent.     In  the  great  Lake  Winnipeg  Valley  east  of 

Duck  and  Riding  Mountains  the  ice  flowea  southeastward  in 

direction  of  the  trend  of  the  valley.  A  similar  remark  holds 
)d  for  the  valley  of  the  Upper  Assiniboine  River,  and  it  is 
te  possible  that  this  direction  may  have  been  maintained  all 

way  across  the  plains,  the  ice  leaving  the  ArchsBan  in  a 
thwesterly  direction,  and  gradually  sweeping  round  to  the 
theast.  In  Lake  Winnipegosis  many  of  the  islands  are  stated 
be  of  the  nature  of  Drumlins,  lying  with  their  long  axes  paral- 
to  the  direction  of  glacial  striae. 
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The  Duck  Mountain  is  shown  to  be  of  particular  interest  as  iu 
summit  is  composed  entirely  of  morainic  debris,  and  after  the 
retreat  of  the  continental  glacier  the  summit  of  this  moraine 
became  itself  a  collecting  ground  for  the  snow  from  which  glacien 
flowed  down  the  valleys  of  the  surrounding  slopes.  A  few  kames 
are  also  recorded  as  occurring  along  with  this  latest  stage  of 
glaciation. 

Overlying  the  till  throughout  extensive  areas  are  stratified 
alluvial  deposits  that  have  been  laid  down  in  the  beds  of  extinct 
Post-glacial  lakes.  A  marked  feature  of  these  beds  is  the  absence 
of  fossils  of  any  kind.  The  positions  of  some  of  these  lakes  is 
indicated,  one  or  more  lying  near  the  headwaters  of  the  Saskatche- 
wan River,  one  east  of  th^  Missouri  Coteau,  and  one  on  the  upper 
Assiniboine,  but  the  largest  occupied  the  basin  of  Lake  Winnip^ 
and  has  been  named  by  Mr.  Warren  Upham,  Lake  Affassiz.  The 
shores  of  this  lake  have  been  traced  northward  to  Tat.  53^,  and 
how  much  farther  north  they  extend  is  not  known. 

Mr.  Tyrrell  in  answer  to  questions  stated  that  the  evidence  at 
present  at  hand  appeared  to  indicate  that  the  preglaoial  drainage 
of  the  Winnipeg  basin  was  northward  rather  than  sonthwara, 
and  that  the  isolated  bowlders  seen  on  the  surface  of  the  plains 
had  probably  been  carried  to  their  present  position  within  the 
ice  of  the  glacier  itself,  and  not  beneath  it,  as  had  been  the  case 
with  the  great  mass  of  the  till. 

2.  8^A  Annual  Report  of  the  Director  of  the  IT,  S.  Geologicd 
Survey i  1886-87.  —  The  following  are  Papers  in  this  Report 
issued  separately. 

(1.)  The  Trenton  Limestone  as  a  source  of  Petroleum  and 
injlammable  gas  in  Ohio  and  Indiana  ;  by  Edwabd  Orton. 
180  pp. — The  Report  of  Prof.  Orton  is  a  full  and  thorough  tre»^ 
ment  of  the  subject  of  petroleum  and  gas  from  the  Trenton  lime- 
stone. The  facts  are  among  the  marvelous  in  science,  and  they 
are  here  ably  presented  and  discussed  both  from  a  geological  and 
economical  point  of  view.  Mr.  Orton's  paper  in  the  last  volume 
of  this  Journal  is  in  illustration  of  one  bradch  of  this  sobjeot. 

(2.)  2%c  Geographical  Distribution  of  Fossil  Plants;  by 
Lester  F.  Ward.  300  pp. — Mr.  Ward  states  in  his  opening 
sentence  that  this  paper  is  intended  as  a  contribution  to  the 
Sketch  of  Paleobotany  which  appeared  in  the  Fifth  U.  S.  6.  & 
Annual  Report.  That  paper  was  written  as  an  introduction  to  a 
larger  work  dealing  exclusively  with  the  literature  of  the  science, 
and  proceeding  primarily  from  a  bibliographical  standpoint. 
This  paper  continues  the  subject  ^'  without  departing  from  the 
chiefly  bibliographical  method,''  while  at  the  same  time  bearing 
on  the  geographical  distribution  of  fossil  plants  inasmaoh  as  the 
bibliography  is  presented  under  geographical  divisions,  com- 
mencing with  Great  Britain.  Mr.  Ward  makes  the  bibliography 
historical  for  each  country  as  regards  the  developments  in  paleo* 
botany,  gives  copious  notes  on  the  various  works  mentioned,  and 
points  out  the  bearing  of  discoveries  in  solving  the  various  questions 
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ve  been  successively  under  consideration.  The  paper  has 
d  a  vast  amount  of  labor  in  its  preparation,  and  will  be  of 
alue  to  all  interested  in  the  department.  The  localities  in 
Lted  States  of  fossil  plants,  and  the  geological  periods  of 
nts  of  each,  are  presented  in  colora  on  a  map. 
Geology  of  the  Lassen  Peak  District ;  by  J.  S.  Duxbb. 
-Mr.  Diller  has  commenced  his  study  of  the  geology  of 
icade  Range  with  that  of  the  Lassen  Peak  district,  and 
ves  an  account  of  the  latter  region — its  general  features, 
"aphical  structure,  and  upheavals  in  connection  with  the 
re  of  the  Sierras  and  their  relation  to  volcanic  action  in 
trict.  The  formations  described  are  the  Auriferous  slates, 
iferous  limestone  and  serpentine;  the  Chico  beds  of  the 
sous  and  the  Miocene.  The  important  conclusions  with 
to  the  faults  and  constitution  of  the  Sierras,  reached  by 
Her,  are  briefly  noticed  on  page  152  of  vol.  xxxiii  of  this 
I,  1887. 

uUetin  of  the  Geological  Society  of  America^  vol.  1.— A 
the  papers  published  in  separate  parts  constituting  the 
>lume  of  the  Geological  Society  of  America  is  given,  so 
hen  issued,  on  page  402  of  the  last  volume  of  this  Journal, 
have  also  appeared  papers  by  J.  B.  Tvrrell  on  the  Post- 
y  deposits  of  Manitoba  and  the  adjoming  territories  of 
western  Canada  (an  abstract  of  which  is  given  on  page  38) ; 
Ells,  the  Stratigraphy  of  the  Quebec  Group  (reviewed  in 
,  volume  of  this  Journal  by  C.  D.  Walcott)  ;  T.  C.  Cham- 
some  additional  evidences  bearing  on  the  Interval  between 
icial  Epochs ;  H.  S.  Williams,  the  Cuboides  zone  and  its 
a  discussion  of  methods  of  Correlation ;  E.  Brainard  and 
Seeley,  the  Calciferous  formation  in  the  Champlain  Valley 
supplement  on  the  Fort  Cassin  Rocks  and  their  fauna  by 
Whitfield.  The  volume  closes  with  the  Proceedings  of  the 
Meeting  held  at  New  York,  December  26,  27,  28,  1889, 
r.  J.  J.  Stevenson,  Secretary. 

titles  of  the  papers  and  the  names  of  their  authors  are 
It  indication  that  the  volume  is  one  of  unusual  importance 
Tds  American  geology,  giving  a  long  step  of  progress  to 
nee.  There  are  several  which  would  be  noticed  particu- 
this  place  if  space  allowed. 

\e  Salt  Range  in  India, — Dr.  Wm.  Waagex,  in  the 
s  of  the  Geological  Survey  of  India,  Ser.  xiii,  on  the  Salt 
vol.  iv,  Part  1,  1889,  points  out  that  there  is  distinct 
aphic  unconformability  in  the  range  at  the  base  of  the 
iferous.  Another  unconformability  exists  above  the  Neo- 
and  below  the  beds  containing  Cardita  Beaumontiy  to 
period  the  Deccan  traps  are  referred. 

\e  Collection  of  Building  and  Ornamental  Stones  in  the 
National  Museum.  A  Handbook  and  Catalogue,  by 
&  P.  Merrill,  Washington,  1889  (Rep.  Smithsonian  Instit., 
$,  Part  II,  pp.  277-648). — The  collection  of  building  and 
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ornamental  stones  of  the  National  Museum  upon  which  the  pres- 
ent work  is  based  numbers  nearly  3000  specimens.  To  a  large 
extent  it  was  brought  together  through  the  efforts  of  the  late 
Dr.  George  W.  Hawes,  but  his  work  upon  it  was  interrupted  by 
his  early  death  and  it  has  been  taken  up  and  ably  prosecated  by 
Mr.  Merrill.  With  the  advantage  of  tois  large  amount  of  ma- 
terial the  author  has  prepared  a  very  useful  manual  of  American 
building  stones.  He  gives  the  chief  localities,  the  mode  of  occur- 
rence, method  of  quarrying  and  working  with  numerous  illustra- 
tions, with  notes  on  the  effects  of  weathering,  means  of  preserva- 
tion, and  other  related  points.  The  closing  chapter  gives  a  con- 
cise summary  of  similar  stones  from  other  countries.  A  series  of 
appendices  give  tables  showing  the  specific  gravity,  Btrength 
per  square  inch,  etc.,  also  composition,  price,  and  so  on. 

6.  Annotated  List  of  the  minerals  occurring  in  Canctda^  by 
6.  Chkistiak  Hoffmann,  Montreal,  1890  (Trans.  R.  Soc.  Canada, 
vii  (3),  pp.  65-105,  1890). — This  is  a  carefully  prepared  list  of 
Canadian  minerals  with  notes  on  the  important  localities.  The 
species  are  arranged  alphabeticallv  and  are  about  280  in  number. 
An  interesting  occurrence  notea  is  that  of  bournonite  from 
Marmora  township,  Hastings  Co.,  and  Darling  township,  Lanaric 
County. 

7.  On  the  Hygroscopicity  of  certain  Canadian  Fossil  Fuds; 
by  G.  Christian  Hoffmann,  Montreal,  1890  (Ibid.,  pp.  41-55).— 
The  author  has  carried  through  an  elaborate  series  of  experiment! 
with  a  series  of  Canadian  fuels  from  anthracite  to  peat,  showing 
the  amount  of  water  present  in  dry  coal,  in  saturated,  the  loss  in 
dry  air,  and  the  amount  reabsorbed  in  a  moist  atmosphere.  Some 
of  the  results  are  shown  in  the  following  statements  : 

Lignites  (and  peat)  retain  2-5  — 50  p.  c.  and  reabsorb  10*0— 14*6  p.  c.  water. 
Lignitic  coals  •'       l-O  — 20     "      •'  "  6*5—  9*0     ** 

Coals  "       01  —  10     »'      *'  •'  1-5—  6*0     *'         " 

8.  Ninth  Annual  Report  of  the  State  Mineralogist  of  Cali- 
fornia, William  Irelan,  Jr.,  for  the  year  ending  December  ), 
1889.  352  pp.  Sacramento,  1890. — Some  of  the  subjects  dis- 
cussed at  length  in  this  report  are  the  refining  and  coining  of 
precious  metals  by  S.  Gumbinner;  the  auriferous  gravels  of  Cali- 
fornia by  J.  H.  Hammond,  with  numerous  sections  and  excellent 
illustrations ;  river  mining  by  R.  L.  Dunn ;  on  clays  by  W.  D. 
Johnston ;  on  pottery  by  Linna  Irelan,  etc. 

9.  A  Course  in  Determinative  Mineralogy;  by  John  Eybb- 
MAN.  Easton,  Penn.,  1 890. — This  is  a  brief  concise  series  of  tables 
including  chiefly  the  minerals  of  economic  value,  arranged  first 
according  to  metallic  or  non-metallic  luster  and  subdivided  by 
blowpipe  and  chemical  reactions.  The  chemical  tests  chosen  have 
the  advantage  that  they  throw  together  the  species  which  are 
allied  in  composition,  e.  g.,  those  containing  zinc,  copper,  etc.,  and 
hence  tend  to  instruct  the  student  as  well  as  guide  him  io  the 
determination  of  species. 
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).  Giomale  di  Mineralogia^  CristaUograJia  e  Petrogrqfia. 
jtto  dal  Dr.  F.  Sansoni.  Vol.  I,  Faao.  1.  Milan,  1890. 
rico  Hoepli.) — Mineralogists  will  be  interested  in  the  estab- 
ment  of  a  new  journal  in  Italy  devoted  to  Mineralogy,  Crystal- 
'apby  and  Petrography.  It  is  published  at  Milan  under  the 
)  editorship  of  Dr.  Francesco  Sansoni,  of  the  University  of 
ia,  well  known  as  an  active  worker.  The  first  number  con- 
8  an  exhaustive  article  by  Artini  upon  the  Sardinian  leadhill- 
with  two  plates,  one  by  Sansoni  upon  the  crystallography  of 
mes  of  organic  compounds,  and  others  by  Boeris,  Tognini 
zi,  besides  notes  and  reviews. 

III.  Botany  and  Zoology. 

.  Die  natHrlichen  Pflanzenfamilieiiy  Nos.  39  and  40. — We 
e  had  frequent  occasion  to  call  the  attention  of  our  readers  to 

many  excellencies  of  this  comprehensive  work  under  the 
.orship  of  Professors  Engler  and  Prantl.  These  numbers 
St  at  hand  justify  fully  all  words  of  commendation  we  have 
Lowed  upon  the  treatise.  The  engravings  are  clear  and  very 
ing,  and,  as  in  previous  numbers,  for  the  greater  part,  original. 
5nland  treats  of  the  Order  Candolleacse,  H6ck,  of  CalyceresB, 
.  Hoffmann,  of  Compositse.  In  No.  40,  Wille  takes  up,  with  a 
*d  degree  of  fullness,  certain  of  the  lower  Algae, 
t  gives  us  pleasure  to  urge  upon  our  readers  the  request  made 
the  editors,  that  persons  who  possess  pictures  which  exhibit 

characteristics  of  type-plants  will  kindly  lend  them  for  the 
pose  of  having  them  reproduced  as  illustrations  in  the  work. 

G.    L.    G. 

.  Zo«,  a  Biological  Journal.  San  Francisco,  published 
nthly  ($2.00  per  annum). — One  can  hardly  help  wishing  that 

founders  of  this  new  journal  might  have  fixed  upon  some 
ne  more  attractive.  Aside,  however,  from  its  name,  this  first 
nber  of  the  new  journal  is  attractive  and  promises  well, 
iestricting  our  notice  to  the  botanical  articles,  we  may  call 
mtion  to  the  following.  Dr.  Harkness  leads  off  with  a  well- 
sidered  paper  on  the  Nomenclature  of  Organic  Life.  His 
W8  are  conservative,  and,  we  may  say,  conciliatory.  We  wish 
merely  that  his  paper  mi^ht  find  a  larger  circle  of  readers  than 
3  like  to  have  in  the  initial  number  of  a  new  magazine.  Mr. 
mdegee  speaks  of  an  arborescent  Polygala.     In  the  canons  of 

Sierra  de  Laguna,  Lower  California,  Polygala  apopetala 
squires  its  greatest  development,  and  becomes  a  small  tree, 
'ing  a  trunk  and  spreading  top,  and  equaling  in  height  the 
rounding  Acacias  and  Lysilomas.'^  Mr.  S.  B.  Parish  has  the 
t  part  of  a  paper  on  the  naturalized  plants  of  Southern  Cali- 
lia.  His  views  in  regard  to  discriminating  between  native 
I  naturalized  plants  are  sound,  and,  if  carried  out  furXher  in  his 
rk,  in  subsequent  communications,  will  result  in  giving  us 
)rmation  of  the  highest  value. 
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Mrs.  Brandegee  furnishes  interesting  notes  ib  regard  to  Dod^ 
catheon  Meadia.  Slie  proposes  to  place  the  different  forms  pro- 
visionally under  four  varietal  heads.  Mr.  Brandegee  sends  t 
shoii;  note  about  a  forest  of  '*  Cardon,"  the  Mexican  name  for  two 
species  of  Cereua,  notably  C\  Pringlei.  Mr.  Vaslit,  speaking  of 
the  genus  Crossosma,  is  inclined  to  regard  C,  Bigelovii  a  depau- 
perate form  of  C,  Californicum,  The  journal  contains  a  brief 
review  of  recent  literature,  and  also  short  but  interesting  reports 
of  meetings  of  the  California  Academy  of  Sciences,  and  of  the 
San  Francisco  Microscopical  Society. 

It  is  a  pleasure  to  welcome  this  carefully  edited  journal.  We 
hope  that  it  will  do  for  the  Pacific  coast  what  is  so  well  done  io 
our  nearer  west  by  the  Botanical  Gazette  and  by  the  Bulletin  of 
the  Torrey  Botanical  Club,  on  the  Atlantic  coast.  6.  l.  g. 

3.  Deep-sea  MoUtisks  afid  the  conditions  under  which  they 
exist ;  by  Wm.  H.  Dall.  Presidential  address  before  the  Biolog- 
ical Society  of  Washington. — The  questions  considered  by  Jfc. 
Dall  bear  on  the  characteristics  and  evolution  of  deep-sea  life, 
and  have  great  interest,  although,  as  Mr.  Dall  says,  "  the  explor- 
ation of  the  deep-sea  faunas  has  only  begun."  The  conclusioD  of 
Tornoe  that  carbonic  acid  exists  in  the  abyssal  waters  only  in 
combination  is  questioned  on  the  ground  of  the  common  occur- 
rence of  eroded  shells.  It  may  be  questioned  also  on  the  groond 
of  animal  respiration  in  the  depths,  and  probably  also  on  that  of 
decomposition,  which  would  make  free  carbonic  acid  to  be  at 
least  temporarily  present;  and  considering  that  no  plants  exist 
sufficient  to  use  up  the  carbonic  acid  thus  evolved  the  excess  of 
carbonic  acid  through  the  depths  in  some  form  must  ever  be  on 
the  increase.  Mr.  Dall  states  that  of  the  Mollusks  the  groajpt 
that  in  shallow  waters  are  phytophagous,  live  in  the  deeps  chieny 
on  foraminifera,  which  they  swallow  in  immense  quantities,  and 
he  attributes  to  this  the  larger  size  of  the  intestine,  the  smaller 
teeth  and  jaws,  and  other  characteiistics ;  for  there  is  very  little 
food  in  a  given  mass  of  them  in  proportion  to  that  in  algs. 
The  carnivorous  mollusks  are  the  prevailing  kinds ;  but  the  abys- 
sal species,  Mr.  Dall  states,  may  get  all  the  food  they  want  from 
the  pelagic  life  that  descends  at  death  from  above,  without  prey- 
ing on  one  another.  The  shells  are  not  drilled,  or  otherwise 
marked  with  evidence  of  attack  by  other  mollusks.  He  gives  facts 
respecting  the  fishes  of  the  bottom  which  show  that  they  live  on 
mollusks  and  make  large  shell  heaps.  According  to  ^Professor 
Verrill,  sea-urchins  have  been  brought  up  with  shells  in  their 
stomachs,  and  star-fishes  with  sea-urchins  inside ;  so  that  depre- 
dations are  not  wholly  absent  from  the  deep  seas.  Mr.  Dall 
observes  that  in  deep-water  mollusks  the  layer  of  aragonite  of 
the  shells  are  thinner  than  in  those  of  shallow  water;  the  spines 
of  the  Murices  more  delicate  as  if  it  were  a  character  that  was 
fading  out  because  unnecessary;  the  sculpturing  is  that  which 
strengthens  in  order  to  adapt  to  the  pressure  at  the  bottom ;  the 
operculum  is  generally  horny  and  to  a  large  extent  absent ;  the 
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Is  have  often  a  protective  epidermis  and  probably  against  car- 

0  acid.  Of  the  abyssal  species  in  the  collections  of  the 
ce,  28  per  cent  belong  to  the  three  families  PleurotomidcB, 
idm  and  Dentcdidoe,  The  number  of  Brachiopods  in  the 
oraly  Archihenthal  (along  the  continental  slopes),  and  Abyssal 
8  are  respectively,  8,  12,  3;  of  Pelecypods,  98,  114,  31;  of 
>hopod8  (genera  Dentalium  and  Cadulus),  17,  28,  12;  of 
Lropods,  280,  222,  83.  Of  these,  there  are  common  to  all 
e  areas,  32  Gastropods,  5  Scaphopods,  10  Pelecypods  and  2 
^biopods.  J.  D.  D. 

% 

lY.    Miscellaneous  Scientific  Intelligence. 

Le  Glacier  de  Aletsch  et  Le  Lac  de  MdrjtUn. — Prince 
AND  BoNAPABTB.  26  pp.  4to.  December,  1889.  Paris. — This 
loir  is  devoted  especially  to  the  Aletsch  Glacier  lake.  It 
tnated  on  the  left  side  of  the  glacier  abont  800  meters  from 
Eggischhorn  and  between  this  summit  an^  the  Strahlhdmer. 
3g  side  of  the  glacier,  where  the  basin  is  wall-sided  on 
»ant  of  the  melting  by  the  water,  the  depth  is  50  meters, 
lake  has  had  frequent  discharges  in  consequence  apparently 
he  movements  of  the  Aletsch  glacier.  The  last  took  place  in 
Lember,  1887,  and  was  complete  in  10  hours.  It  began  on 
first  by  a  lowering  of  the  level  of  0*15  meter  on  September  1st, 
.  meter  on  the  2d,  2  meters  on  the  3d,  and  then  on  the  4th, 
whole  disappeared.  It  was  half  full  again  on  the  19th.  The 
trded  times  of  earlier  discharges  are:  August,  1885  ;  August, 
4;  July,  1882;  January,  1883,  but  was  full  again  the  next 
f;  July,  1878;  August,  1874;  August,  1873,  complete  in  8 
rs;  August,  1871 ;  August,  1864;  August,  1859;  August,  1840; 
just,  1820;  August,  1813.  Partial  changes  occurred  also  at 
\T  times.  The  discharge  of  the  lake  is  a  great  calamity  for  the 
ey  of  the  Rhone,  which  valley  the  waters  reach  near  Brigue. 

waters  descend   usually  without   a   previous  warning,  and 
destruction  to  the  cultivated  fields  on  the  way.     The  basin 

e  lake  is  an  old  moraine.     At  high  water  the  height  of  the 
1 18  2367  meters;  its  area  is  552,400  meters  square. 
;  is  proposed  to  lower  the  lake  12^  meters  by  a  canal  taking 

waters  above  this  level — rather  more  than  half — into  the 
ey  of  the  Viesch.  This  would  diminish  greatly,  but  not  pre- 
t,  the  flood  from  a  sudden  discharge. 

Stone  implement  at  New  Com.eTstown^  Ohio. — Much  inter- 
is  excited  in  Northern  Ohio  by  the  recent  discovery  of  a 
ical  paleolithic  implement  in  the  glacial  terrace  of  the  Tus- 
iwas  River  at  New  Comerstown,  Ohio.  The  implement  is 
le  of  the  peculiar  black  flint  which  occurs  in  the  "Lower 
cer  "  limestone  of  that  region,  and  is  four  inches  long,  two 
e,  and  one  and  a  half  thick  at  the  larger  end,  and  chipped  on 

1  sides  all  around  the  edge.  The  discovery  was  made  by  Mr. 
C.  Mills,  of  New  Comerstown,  on  Oct.  27,  1889.     But  its  sig- 
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nificance  was  not  fully  understood  until  a  visit  to  the  place  by 
Professor  G.  F.  Wright  and  a  party  of  friends  from  Cleveland  oo 
the  llth  of  April.  The  glacial  terrace  is  here  thirty-five  feet 
above  the  flooa-plain  of  the  river,  and  the  implement  was  fonnd 
by  Mr.  Mills  in  undisturbed  gravel  fifteen  feet  below  the  surface. 
Additional  interest  pertains  to  this  discovery  because  of  the  pre- 
visions made  by  Mr.  Wright  of  such  discoveries  in  this  valley 
immediately  after  his  survey  of  the  region  in  1881,  and  reported 
at  considerable  length  in  this  Journal,  July,  1883,  p.  44. 

3.  Knowledge,  an  illustrated  Magazine  of  Sciencey  limply 
worded,  exactly  described,  20  pages  4to. — An  excellent  periodical, 
popular  but  accurate  in  its  science,  and  fully  illustrated.  The 
number  for  May  contains  a  paper  by  R.  Lydekker,  on  pouched 
mammals,  well  illustrated,  and  one  by  A.  C.  Ranyard,  on  the 
great  bright  streaks  which  radiate  from  some  of  the  larger  lanar 
craters,  illustrated  by  an  admirable  photo-engraved  plate  from  a 
photograph  taken  with  the  great  Refractor  of  the  Lick  Observa- 
tory, besides  others  of  much  interest,  with  book  notices  and  mis- 
cellaneous notes. 

4.  ^Exposition  UhiverseUe^  Henri  de  Parville — Causeries 
scientifiques,  decouvertes  et  inventions ;  Progr^s  de  la  Science  et 
de  I'industrie.  Vingt-neuvi^me  ann6e — 694  pp.  Paris,  1890  (J. 
Rothschild). — This  volume  gives  a  very  full  and  instructive 
account  of  the  French  Exposition  of  1889.  From  its  first 
inception  to  its  final  completion  nothing  is  overlooked,  and 
throughout  the  whole  book  there  is  a  clearness  of  prosentatioo 
and  profuseness  of  excellent  illustrations  which  could  nave  hardly 
had  their  origin  outside  of  Paris. 

Professor  JRichard  Owen. — A  letter  to  the  editors  from  Pro- 
fessor G.  C.  Broadhead  of  Columbia,  Missouri,  states  that  IW 
fessor  Richard  Owen  was  assistant  to  Professor  Norwood  on  the 
Survey  of  Wisconsin,  Iowa  and  Minnesota  during  the  year  1849, 
and  immediately  after  became  Professor  in  the  Western  Military 
Institute,  located  at  Drennon  Springs,  Kentucky.  About  1854, 
the  school  was  transferred  to  Isashville,  Tennessee.  Mr.  Oweu 
was  Professor  of  the  Natural  Sciences  in  the  School  and  as  such 
taught  Chemistry,  Geology  and  some  Zoology,  but  also  German 
and  Spanish,  besides  acting  as  ofiicer  in  a  military  capacity  and 
teaching  fencing. 

Binney'vS  Terrestrial  Air-breathing  MoUusks.  A  third  supplement  to  the  5th 
volume,  with  11  plates,  has  been  published  as  Bulletin  No.  4,  vol.  xix,  by  the 
Museum  of  Comparative  Zoology,  Cambridge. 

Geologflcal  Survey  of  New  Jersey,  Annual  Report  for  1889.  Also  vol.  ii,  Part 
1,  of  the  Final  Report;  containing  lists  of  the  Minerals  and  Plants  of  the  State. 

Bulletin  No.  2  (vol.  i),  from  the  Laboratories  of  Natural  History  of  the  State 
University  of  Iowa,  contains  (1)  on  the  Anatomy  of  the  Gorgonidse  with  10 
plates,  by  C.  C.  Nutting,  and  (2)  a  Catalogue,  with  notes  of  the  NatiYO  Fishes  of 
Iowa,  by  Seth  E.  Meek. 
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Plate  IV. 


PHOTOMBTBIC    CURVES. 
FOR  EQUAL  TOTAL  AMOUNTS  OF  LIGHT. 

A — Sun-light, 
B— Fire-fly  light. 

Abscissae.— Wave  Lengths. 
Ordinates.— Luminous  Intensities. 


A*  Sun-light  Spectrufn. 


B.  Fire-fly  Specttmnt. 


aur.  Sci.,  Vol.  XL,  1890. 


Plate  V. 


Four  Curves  of  Equal  Areas,  showing  one  unit  of  heat  displayed 
successively  in  heat  spectrum  of  Oas,  Electric  Arc,  Sun  and 
Pire-Ply. 


Abscissae.  —  Wave  Lengths. 
Ordinates.  — Energy  as  Heat. 


ENERGY   CURVE. 

Ghis  Flame  Spectrum. 

MAXIMUM  AT  I'^S. 

Figr.  1. 
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ENERGY  CURVE. 
Electric  Arc  Spectrum-, 

MAXIMUM  AT  1^16. 
FifiT.  2. 
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ENERGY  CURVE. 

Fire-Fly  Spectrum. 
MAXIMUM  AT  O'^B?.  ' 
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IT.  XII. — On  the  Cheapest  Fonn  of  Lights  from  studies 
It  the  Allegheny  Observatory :  by  S.  P.  Langley  and  F. 
W.  Very.    (With  Plates  III,  lY  and  V.) 

The  object  of  this  memoir  is  to  show  by  the  study  of  the 
iiatiou  of  the  fire-fly  that  it  is  possible  to  produce  light  with- 
t  heat  other  than  that  in  the  light  itself ;  that  this  is  actually 
"ected  now  by  nature's  processes  ;  and  that  these  are  cheaper 
an  our  industrial  ones  in  a  degree  hitherto  unrealized.  By 
cheapest"  is  here  meant  the  most  economical  in  energy, 
iich  for  our  purpose  is  nearly  synonymous  with  heat ;  but 
a  given  amount  of  heat  is  producible  by  a  known  expendi- 
re  of  fuel  at  a  known  cost,  the  word  "  cheapest "  may  also 
?re  be  taken  with  little  error  in  its  ordinary  economic  appli- 
tion. 

We  recall  that  in  all  industrial  methods  of  producing  light, 
ere  is  involved  an  enormous  waste,  greatest  in  sources  of  low 
mperature,  like  the  candle,  lamp,  or  even  gas  illumination, 
here,  as  I  have  already  shown,  it  ordinarily  exceeds  99  parts 
the  100 ;  and  least  in  sources  of  high  temperature  like  the 
candescent  light  and  electric  arc,  where  yet  it  is  still  immense 
id  amounts  even  under  the  most  favorable  conditions  to  very 
nch  the  larger  part. 

It  has  elsewhere*  been  stated  that  for  a  given  expense  at 
ast  one  hundred  times  the  light  should  in  theory  be  obtain- 
>le  which  we  actually  get  by  the  present  most  widely  used 

*  See  results  of  an  inyestigation  by  S.  P.  Langley,  read  before  the  National 
cademy  in  1883,  and  given  in  '*  Science"  for  June  1,  1883;  where  it  is  ahown 
^t  in  the  ordinary  Argaud  burner  gas  flame  indefinitely  over  99  per  cent  of  the 
Mliant  energy  is  (for  illumination  purposes;  waste. 
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methods  of  illumination.  This,  it  will  be  observed,  is  given  as 
a  minimum  value,  and  it  is  the  object  of  the  present  research 
to  demonstrate  that  not  only  this  possible  increase  but  one  still 
greater  is  actually  obtained  now  in  certain  natural  processes, 
which  we  know  of  nothing  to  prevent  our  successfully 
imitating. 

It  is  now  universally  admitted  that  wherever  there  is  light, 
there  has  been  expenditure  of  heat  in  the  production  of  radia- 
tion existing  in  and  as  the  luminosity  itself,  since  both  are  bnt 
forms  of  the  same  energy  ;  but  this  visible  radiant  heat  which 
is  inevitably  necessary  is  not  to  be  considered  as  waste.  The 
waste  comes  from  the  present  necessity  of  expending  a  great 
deal  of  heat  in  invisible  forms  before  reacning  even  the 
slightest  visible  result,  while  each  increase  of  the  Tight  repre- 
sents not  only  the  small  amount  of  heat  directly  concemea  in 
the  making  of  the  light  itself,  but  a  new  indirect  expenditure 
in  the  production  of  invisible  calorific  rays.  Our  eyes  recog- 
nize heat  mainly  as  it  is  conveyed  in  certain  rapia  ethereal 
vibrations  associated  with  high  temperatures,  while  we  have  no 
usual  way  of  reaching  these  high  temperatures  without  passing 
through  the  intermeaiate  low  ones;  so  that  if  the  vocal  produc- 
tion of  a  short  atmospheric  vibration  were  subject  to  analogous 
conditions,  a  high  note  could  never  be  produced  until  we  had 
passed  through  the  whole  gamut,  from  discontinuous  sounds 
below  the  lowest  bass,  up  successively  through  every  lower 
note  of  the  scale  till  the  desired  alto  was  attained. 

There  are  certain  phenomena,  long  investigated,  yet  httle 
understood,  and  grouped  under  the  general  name  oi  "phoe- 
phorescent"  which  fonn  an  apparent  exception  to  this  rule, 
especially  where  nature  employs  them  in  the  living  organism, 
for  it  seems  very  diflScult  to  believe  that  the  light  of  a  fire-fly, 
for  instance,  is  accompanied  by  a  tempemture  of  2000®,  or  more, 
Fahr.,  which  is  what  we  should  have  to  produce  to  gain  it  by 
our  usual  processes.  That  it  is,  however,  not  necessarily  im- 
possible, we  may  infer  from  the  fact  that  we  can  by  a  known 
physical  process,  produce  a  still  more  brilliant  light  without 
sensible  heat,  where  we  are  yet  sure  that  the  temperature  ex- 
ceeds this.  No  sensible  heat  accompanies  the  fire-fiy's  light, 
any  more  than  need  accompanv  that  of  the  Geissler  tube,  but 
this  might  be  the  case  in  either  instance,  even  though  heat 
were  there,  owing  to  its  minute  quantity,  which  seems  to  defy 
direct  investigation.  It  is  usually  assumed^  with  apparent 
reason,  that  the  insect's  light  is  produced  without  the  invisible 
heat  that  accompanies  our  ordinary  processes,  and  this  view  is 
strengthened  by  study  of  the  fire-fly's  spectrum,  which  haa 
been  frequently  observed  to  diminish  more  rapidly  toward  the 
red  than  that  of  ordinary  flames. 
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Nevertheless,  this  though  a  highly  probable  and  reasonable 
nmption,  remains  assumption  rather  than  proof ;  until  we 
1^  measure  with  a  sufficiently  delicate  apparatus  the  heat 
lich  accompanies  the  light  and  learn  not  only  its  quantity, 
t  what  is  more  important,  its  quality.  Apart  from  the 
entific  interest  of  such  a  demonstration,  is  its  economic  value, 
lich  may  be  inferred  from  what  has  already  been  said.  I 
ve  therefore  thought  it  desirable  to  make  the  light  of  the 
e-fly  the  subject  of  a  new  research,  in  which  it  is  endeavored 
make  the  bolometer  supplement  the  very  incomplete  evi- 
nce obtainable  from  the  visible  spectrum. 

As  we  may  learn  from  elementary  treatises,  phenomena  of 
losphorescence  are  common  to  insects,  fishes,  mollusks,  vege- 
bles,  and  organic  and  mineral  matter.  Among  luminous 
sects  the  fire-fly  of  our  fields  is  a  familiar  example,  though 
ber  of  the  species  attain  greater  size,  and  perhaps  greater 
trinsic  brilliancy,  especially  the  Pyrophorus  noctUuous  Linn., 
and  in  Cuba  and  elsewhere.  Its  length  is  about  37™",  width 
°^,  and  it  has,  like  Pyrophori,  three  light  reservoire — two  in 
e  thorax  and  one  in  the  abdomen.  To  procure  this  Cuban 
•e-fly  I  invoked  the  aid  of  the  Smithsonian  Institution,  and 
rough  the  kindness  of  Professor  Felipe  Poey,  of  Havana,  and 
jiior  Albert  Bonzon,  of  Santiago  de  Cuba,  in  the  Island  of 
aba,  living  specimens  of  the  Pyrophorxis  noctilucue  were 
ceived  here  during  the  summer  of  1889.  I  have  also  to 
knowledge  my  obligations  to  Professor  C.  V.  Riley  and  to 
rofessor  L.  A.  Howard,  to  whose  knowledge  and  kind  care  I 
a  doubly  indebted. 

After  a  preliminary  spectral  examination  in  Washington,  I 
uud  it  more  convenient  to  continue  the  research  at  the  Alle- 
leny  Observatory  by  means  of  the  very  special  apparatus  sup- 
ied  by  the  liberalitv  of  the  late  William  Thaw  of  Pittsburgn, 
r  researches  in  the  lunar  heat-spectrum.*  Photometric 
easorements  throughout  the  spectrum  of  the  insect's  light 
ere  also  made. 

I  have  indicated  the  steps  of  the  investigation,  but  the  ex- 
^riments  have  been  so  largely  and  so  intelligently  made  by 
T.  F.  W.  Very,  that  it  is  just  to  consider  him  as  an  associate 
ther  than  an  assistant  in  the  researches.  I  shall  accordingly 
what  follows  not  discriminate  between  what  each  has  con- 
ibuted. 

Historical  Notes. 

We  make  no  attempt  to  give  any  bibliography  of  the  sub- 
ct,  and  these  notes  are  confined  to  what  seems  important  in 
e  history  of  the  physical  side  of  it. 

'^  Described  in  the  Memoirs  of  the  National  Academy,  vol.  iv,  Pari  II,  p.  112. 
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Matha/aieL  Hulme? — Exper.  6.  A  dead  shining  glow-worm 
was  put  upon  water,  contained  in  a  wide-mounted  phial,  at  the 
temperature  of  58.  The  phial  was  then  sunk  in  boiling  hot 
water,  and  as  the  heat  communicated  itself  to  the  contents  of 
the  phial,  the  light  of  the  glow-worm  became  much  more  vivii 

Exper.  7.  Another  lucid  dead  glow-worm  was  put  into  wann 
water,  at  114,  to  see  if  that  degree  of  heat  would  extingnigh 
the  light ;  but  on  the  contrary  its  glowing  property  was  ang- 
mented.  All  the  water  was  then  poured  oflE,  yet  the  insect 
continued  to  shine  for  some  length  of  time. 

Exper.  8.  Two  living  glow-worms  were  put  into  a  one  ounce 
phial,  with  a  glass  stopple ;  and  though  they  were  perfectly 
dark  at  the  time,  yet  if  the  phial  was  briskly  rubbed  with  a 
silken  or  linen  handkerchief,  till  it  became  pretty  warm,  it 
seldom  failed  to  make  them  display  their  light  very  finely. 
This  experiment  was  very  frequently  repeated.  It  had  the 
same  illuminating  effect  upon  the  light  oi  a  dead  glow-womu 

Exper.  9.  The  complete  influence  of  212  degrees  of  heat 
was  now  applied  to  the  light  of  a  glow  worm,  by  pouring  upon 
one  when  dead,  but  in  a  luminous  state,  some  boiling  water. 
Its  light  was  instantly  extinguished  thereby  and  did  not  revive. 
The  experiment  was  repeated  and  with  the  same  result. 

Macaire*  (quoted  by  Becquerel)  found  that  the  luminous 
matter  taken  from  the  body  of  a  glow-worm  and  heated,  in- 
creased in  brilliancy  up  to  a  temperature  of  about  41**  C,  aiter 
which  the  light  diminished,  became  reddish  and  ceased  at  52° 
C.  An  electric  current  increased  the  luminosity  in  both  the 
living  insect,  and  in  the  luminous  part  separated  from  the 
remamder  of  the  body,  but  ceased  to  have  any  effect  in  a 
vacuum.  Oxygen  and  carbon  monoxide  increased  the  light 
of  the  living  insect  and  of  the  luminous  matter  taken  from  its 
body,  but  the  light  ceased  in  a  vacuum,  in  hydrogen,  in  car- 
bon dioxide,  in  sulphurous  anhydride,  and  in  suiphureted 
hydrogen. 

Carxis^  observed  that  the  luminous  matter  taken  from  the 
bodv  of  the  glow-worm  ceases  to  shine  when  dried  but  glows 
agam  when  moistened. 

Matteiccci*^  found  that  the  phosphorescent  substance  of  the 
Italian  glow-worm  {Lampyris  Italica)  soon  ceased  to  glow  in 
hydrogen  or  in  carbon  dioxide,  but  shone  decidedly  brighter 
in  oxygen  than  in  air,  the  oxygen  being  consumed  and  carbon 
dioxide  appearing.  He  drew  the  conclusion  that  the  produc- 
tion of  light  in  tliis  insect  is  entirely  due  to  the  combination 

*  Philos.  Trans.,  Rov.  Soc.  London,  vol.  xc,  p.  180-181,  1800. 
<  •' Bibliolheque  Univ.  de  Geneve."  1821. 

3'*Analecten  zur  Natur-  und    lleilkunde,*'  Leipzig,   1829;  see  aldo  Comptes 
Rendua,  lix.  p.  607,  1864. 

*  '•  Ann.  de  chim.  et  de  phys.,"  Ill,  ix,  p.  71,  1843,  also  in  0.  R.,  xvii,  p.  309. 
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f  oxygen  with  carbon  which  is  one  of  the  elements  of  the 
•hosphorescent  matter.  The  greatest  brilliancy  occurred  at  a 
smperature  of  37°  or  38°  Cent.,  but  all  phosphorescence  ceased 
bove  50°  or  below  -6°  Cent. 

JRobert  *  found  that  a  glow-worm  cut  in  halves  continued  to 
low  for  half  an  hour,  when  the  liffht  ceased,  but  commenced 
gain  on  the  near  approach  of  a  canale,  and  continued  as  bright 
B  ever  for  thirty-six  horn's,  after  which  it  was  impossible  to 
enew  it. 

JPaMeur^  has  examined  the  spectra  of  our  Pvrophorus  with- 
out finding  any  appearance  of  bright  or  dark  lines.  He  states 
hat  M.  Gemez  has  made  a  similar  observation  on  the  spec- 
rum  of  the  glow-worm. 

SecguereF  gives  a  good  summary  of  the  results  of  previous 
observers.  Smce  phosphorescent  solids  give  banded  spectra 
md  thus  differ  from  ignited  solids  and  liquids  which  have  con- 
inuous  spectra,  M.  Becquerel  concludes,  from  the  apparent 
continuity  of  the  spectrum  of  the  light  from  phosphorescent 
mimals,  that  their  light  approaches  nearer  to  tnat  of  ordinary 
ncandescence, — a  deduction  which  the  following  result  renders 
innecessary. 

C,  A,  Toung*  states  that  the  "common"  fire-fly  gives  a 
3ontinuons  spectrum,  extending  from  a  little  above  Fraun- 
bofer's  line  C  in  the  scarlet,  to  about  F  in  the  blue,  gradually 
bdin^  out  at  the  extremities.  He  observes  that  it  is  notice- 
ible  tnat  precisely  this  portion  of  the  spectrum  is  composed  of 
rays,  which,  while  they  more  powerfully  than  any  others 
iffect  the  organs  of  vision,  produce  hardly  any  thermal  or 
ictinic  effect.  In  other  words  very  little  of  the  energy  ex- 
pended in  the  flash  of  the  fire-fly  is  wasted. 

(This  is  a  most  important  and  interesting  inference,  but  it 
will  be  observed  that  this  is  necessarily  rather  assumed  as 
bigbly  probable  than  actually  demonstrated,  since  the  method 
iid  not  permit  the  dealing  with  the  invisible  rays  except  by 
inference.) 

It  is  quite  different  with  our  artificial  methods  of  illumina- 
tion. In  the  case  of  an  ordinary  gas  light,  experiments  show 
that  at  most,  one  per  cent  of  the  radiant  energy  consists  of 
^nsible  rays,  the  rest  being  invisible  heat ;  that  is  to  say  over 
ninety-nine  per  cent  of  the  gas  is  wasted  in  producing  rays 
that  do  not  help  in  making  objects  visible.* 

>  C.R.,  xvii,  p.  627,1843. 
5  C.  R.,  lix,  p.  609.  1864. 
»  '*  La  lumiere,"  1867. 

*  The  American  Naturalist,  Salem.  1870,  vol.  iii,  p.  615. 

^  3.  P.  Langley  has  shown  that  the  waste  is  in  fact  even  greater  than  this ; 
lee  "  Science,"  vol.  i,  No.  17,  p.  482,  1883. 
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SecchV  at  first  thought  that  the  spectrum  of  the  glow-worm 
was  monochromatic,  but  with  an  improved  spectroscope,  rec(^- 
nized  that  other  colors  were  present,  though  feebly  and  decided 
that  the  spectrum  was  sensibly  continuous. 

Quatrefagea^  in  connection  with  the  paper  of  Secchi,  remarks 
that  the  previous  observations  of  Spallanzani  and  Macaire,  re- 
peated with  much  care  by  Matteucci  and  Becquerel,  show 
beyond  doubt  that  the  light  of  glow-worms  and  elaters  is  dae 
to  slow  combustion.  Thus  the  light  is  extinguished  in  a 
vacuum,  and  in  irrespirable  gases,  it  reappears  in  contact  with 
the  air,  it  is  perceptibly  increased  by  the  presence  of  pore 
oxygen,  it  persists  after  the  death  of  the  creature,  and  finally 
it  IS  accompanied  by  the  generation  of  carbon  dioxide.  Never- 
theless he  points  out  that  there  is  a  distinct  kind  of  phosphores- 
cence in  the  marine  Noctilucidae,  due  to  the  contraction  of 
muscular  fiber,  the  shining  tissue  being  seen  through  the 
translucent  body  wall.  This  species  of  phosphorescence  is 
increased  by  irritants,  but  is  independent  of  the  presence  of 
oxygen  and  is  not  extinguished  or  in  any  way  modified  by 
hydrogen  or  by  carbon  dioxide. 

Rohin  and  Lahoulhene^  find  the  luminous  organs  of  P,  noo 
tihvcus  composed  of  irregularly  polyhedral  cells,  0"04"*°  to 
Q.Q^mni  thick,  between  which  pass  very  numerous  fine  trachea 
and  nerves.  The  inner  face  of  the  organ  is  composed  of 
adipose  tissue,  and  the  outer  of  a  transparent  modification  of 
the  ordinary  chitinous  covering  of  the  insect.  The  authore 
conclude  that  the  light  is  due  to  chemical  decomposition  of  a 
nitrogenous  body  with  formation  of  crystalline  urates. 

Jovsset  de  Belleame*  finds  that  although  the  phosphorescent 
cells,  when  separated  from  the  body  of  the  insect,  continue  to 

Slow  for  several  houra,  yet  if  crushed  they  instantly  lose  their 
luminating  power,  which  indicates  that  for  the  production  of 
the  light,  the  living  cells  must  retain  their  integrity,  and  that 
they  are  not  mere  reservoirs  of  a  phosphorescent  substance, 
but  continuous  generators  of  it.  lie  surmises  that  the  light- 
giving  substance  may  be  phosphureted  hydrogen. 

Meidola^  is  quoted  by  Spiller'  as  having  examined  the  glow- 
worm spectrum  and  determined  its  approximate  limits. 

Conroxf  finds  the  glow-worm's  light  green,  and  in  a  small 
direct  vision  spectroscope  showing  a  continuous  spectrum  from 
C  to  i,  appearing  like  a  broad  band  of  green  light  extending 
from  0^*518  to  0^*587  with  a  faint  continuous  spectrum  into 
the  red  to  0^  656. 

1  C.  R.,  Ixxv,  p.  321,  1872.  -'  C.  R.,  Ixxv,  p.  322,  1872. 

8  C.  R.,  Ixxvii,  p.  511,  1873.  *  0.  R.,  xc,  p.  318,  1880. 

»  •'Proc.  Entomoloifical  Soc,"  p.  iii,  1880.  «  "Nature,"  vol.  xxvi,  p.  343. 
'  "Nature,"  vol.  xxvi,  p.  319,  1882. 
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?.  DuBois.^  —  Perhaps  the  most  important  of  previous 
noirs  on  phosphorescent  insects  is  by  this  writer.  It  con- 
is  an  account  of  photometric  measures  in  wave-length  scale, 
.  also  of  heat  measures  with  the  thermopile.  Tne  latter 
resent  the  only  attempt  even,  in  this  direction,  I  know  of, 
L  seem  to  be  judiciously  made  but  to  be  insuflScient  (on 
i>Qnt  of  the  limitations  of  snch  apparatus)  to  establish  the 
hor's  conclusion  that  the  light  is  accompanied  by  no  sensi- 
heat.  This  conclusion,  we  repeat,  though  very  probably 
rect,  does  not  seem  to  rest  on  the  evidence  of  an  apparatus 
at  all  the  necessary  sensitiveness.  This  memoir,  however, 
>ear8  to  be  in  general  an  excellent  one,  and  well  worthy  the 
ient's  attention. 

^'rom  all  these  statements  it  is  abundantlv  clear  that  not 
y  physicists  and  chemists,  but  naturalists,  nave  been  led  to 
dude  that  this  light  is  not  associated  indissolubly  with  any 
»alled  vital  principle  or  vital  process,  but  it  is  a  result  of 
tain  chemical  combinations,  and  that  nothing  forbids  us  to 
►pose  it  may  be  one  day  produced  by  some  process  of  the 
oratory  or  manufactory.  '  With  this  conclusion  in  mind,  we 
V  proceed  to  observations  meant  to  demonstrate  the  fact 
t  this  process  (presumably  discoverable  but  still  unknown) 
es  light  without  invisible  heat. 
These  observations  are  :   1.  Photometric.     2.  Thermal. 

Pabt  1. — Photometric  Observations. 

The  first  impression  on  viewing  the  light  of  the  Pyrophorus 
'tilueus  through  a  spectroscope  is  that  it  consists  essentially 
a  broad  band  in  the  green  and  yellow,  while  with  precaution 
see  this  extending  into  and  beyond  the  borders  of  the  blue 
I  orange,  but  not  very  greatly  farther,  and  these  have  been 
en  by  previous  observers  as  its  absolute  limits.  No  one 
)ear8  to  have  experimentally  and  distinctly  answered  the 
jstion,  ''  Would  the  light  not  extend  farther  were  it  bright 
»ugh  to  be  seen  ?"  nor  lias  it  been  proven  as  clearly  as  might 
desired  that  the  result  depends  on  the  quality  rather  than 
quantity  of  the  light,  or  given  conclusive  evidence,  that  if 
light  of  the  insect  were  as  bright  as  that  of  the  sun  it 
aid  not  extend  equally  far  on  either  side  of  the  spectrum, 
t  is  impossible  to  increase  the  intrinsic  brilliancy  by  any 
ical  device,  but  if  it  be  impossible  to  make  the  light  of  the 
3ct  as  bright  as  that  of  the  sun,  it  is  on  the  other  hand  quite 
sible  to  make  the  light  of  the  sun  no  brighter  than  that  of 
insect,  and  this  would  appear  to  be  the  first  step  in  obtain- 
a  definite  proof  that  the  apparently  narrow  limits  of  the 
3Ct's  spectrum  are  due  to  the  intrinsic  quality  of  the  light 

^  *^  Bulletin  de  la  Soci^t4  Zoolofpque  de  France,"  parts  1,  2  and  3,  1886. 
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and  not  to  its  feeble  intensity.  The  only  concIuBive  method 
of  determining  this  would  appear  to  be  to  balance  the  light 
from  the  insect  with  that  of  a  definite  portion  of  snnlight  by 
any  ordinary  photometric  device ;  and  having  taken  this  son- 
light  a^  nearly  equal  as  possible  to  that  of  the  insect,  though 
certainly  not  greater,  to  let  this  determined  quantity  fall  on 
the  slit  of  a  spectroscope  at  the  same  time  with  the  light  from 
the  insect,  two  spectra  oeing  formed  one  over  the  other  in  the 
same  field  and  at  the  same  time. 

The  actual  doing  this  is  not  so  easy  as  it  might  appear, 
owing  to  experimental  diflSculties  connected  with  the  insect,  a 
part  of  which  arises  from  the  fact  that  its  light  is  not  only 
fitful  but  unequal,  being  of  very  varying  intensities  when  not 
wholly  intermittent. 

The  simplest  way  in  which  the  experiment  can  be  performed 
is  perhaps  the  following  : 

The  insect  is  placed  immediately  in  front  of  the  slit  of  a 
spectroscope  so  that  the  light  of  its  thoracic  or  abdominal  por- 
tion falls  upon  the  slit.  This  forms  a  narrow  spectrum  which 
should  be  brought  into  the  lower  or  upper  half  of  the  field, 
the  insect  being  attached  to  the  spectroscopic  apparatus  in  a 
position  as  neanj^  fixed  as  possible.  The  spectroscope  is  now 
placed  with  the  axis  of  its  collimator  in  the  line  of  a  ray  of 
sunlight  cast  from  a  heliostat  without.  In  the  path  of  this 
ray  is  a  screen  with  a  circular  diaphragm  covered  with  ground 
glass  ;  a  lens  in  front  of  the  slit  casts  on  one  portion  of  it  an 
image  of  the  white  circle  formed  by  the  ground  glass,  which 
image  is  the  same  size  as  the  illuminating  organ  of  the  insect 
and  forms  a  spectrum  of  the  same  height  in  the  reserved  per* 
tion  of  the  field.  A  suitable  disposition  of  lenses  placed  be- 
tween the  glass  screen  and  the  siderostat  enables  any  degree 
of  illumination  to  be  given  to  the  former,  from  full  sunlight 
to  nearly  absolute  darkness.  If  the  normal  spectrum  be 
studied,  a  grating  is  selected  of  such  open  ruling  that  the 
entire  visible  spectrum  of  the  first  order  can  be  seen  in  the 
field,  but  the  grating  is  first  so  placed  that  what  is  seen  is  not 
the  spectra  but  the  reflected  image  of  the  slit,  the  grating  thus 
acting  (at  first)  the  part  of  a  mirror ;  so  that  the  ooserver  first 
sees  the  two  circles  of  light  of  approximately  equal  size  and 
brilliancy,  one  formed  by  the  insect,  the  other  by  the  sunlight, 
and  the  light  of  this  latter,  by  the  arrangement  of  lenses 
between  the  screen  and  the  siderostat  is  then  adjusted  so  that 
while  remaining  of  the  size  of  the  insect,  it  is  judged  to  have 
the  same  intrinsic  brilliancy  ;  or  at  any  rate,  not  a  superior  one 

The  essential  thing  is  that  a  photometric  comparison  shall 
be  made  of  the  two  lights  before  the  spectra  are  formed,  and 
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bat  ander  these  conditions  the  sunlight  is  equal  but  not  supe- 
ior  to  that  of  the  insect. 

The  necessary  condition  of  equality  of  the  two  lights  from 
rhich  the  spectra  are  to  be  formed,  having  thus  been  secured, 
he  grating  is  moved  until  the  two  spectra  are  brought  into 
he  field.  The  result  of  this  direct  test  is  that  the  solar  spec- 
rum  when  intrinsically  of  the  same  brightness,  or  even  wnen 
learly  of  less  brightness  than  that  of  the  insect  extends  some- 
vhat  further  toward  the  red  and  distinctly  further  toward  the 
iolet,  the  insect  light  being  more  intense  than  that  of  the  sun 
or  equal  lights  in  the  green,  but  ending  more  abruptly  on  the 
dolet  side. 

It  may  be  added  that  when  the  insect's  light  grew  brighter, 
he  increment  appeared  to  be  more  in  the  blue  end  or  as  if  the 
iverage  wave-length  diminished,  with  the  intensity,  but  there 
W9&  not  opportunity  to  put  this  beyond  doubt. 

Photometric  observations  in  the  prismatic  spectrum  were 
nade  previously  to  the  adoption  of  the  arrangement  above 
letailed,  the  first  being  on  July  1,  1889,  using  thoracic  light. 
The  insect  was  mounted  on  an  adjustable  stand  to  which  it 
ivas  attached  loosely,  so  as  to  give  it  such  freedom  of  motion  as 
s  needed  to  ensure  its  emitting  the  light.  It  was  consequently 
accessary  to  re-adjust  its  position  incessantly,  and  this  necessity 
constitutes  a  very  obvious  difficulty.  The  thoracic  light  spots 
ire  two  ovals,  each  about  2°^°^  by  1*5™™  (see  Plate  III,  fig.  IV 
Their  light  is  not  so  bright  as  the  abdominal  light,  but  much 
steadier,  and  like  that,  of  a  decidedly  greenish  hue.  One  of 
ihese  oval  spots  was  placed  over  the  center  of  a  slit,  open  just 
mough  to  receive  the  light,  or  about  I'S""".  This  slit  was  in 
;he  ^us  of  a  glass  lens  of  8^°*  aperture  and  82*^  focus, 
wrhich  acted  as  a  collimator.  The  prism  was  a  very  large  one 
)f  flint  (faces  11*5*''°  high,  10-5*"  wide),  whose  mounting 
ncluded  an  automatic  minimum  deviation  attachment.  The 
)b6erving  lens  was  similar  to  the  collimator,  with  a  low-power 
jye-piece  in  whose  field  was  a  pair  of  heavy  vertical  parallel 
^res.  The  whole  was  mounted  on  the  spectrometer,  pnmarily 
lesigned  for  bolometric  measures  and  fully  described  else- 
where.* The  insect  turned  so  as  to  show  the  abdominal  light 
s  depicted  in  Plate  III,  fig.  2,  the  form  of  this  latter  organ  on 
;he  enlarged  scale  in  Plate  III,  fig.  3. 

The  obiserver  waited  for  some  time  in  a  wholly  darkened 
"oom,  and  to  the  eye  thus  rendered  sensitive,  the  visible  spec- 
rum,  before  magnification,  was  about  2"™  high  and  20™°*  long, 
he  parallel  wires  being  distinctly  visible  in  the  indigo  at  a 
etting  of  45°  25',  corresponding  to  a  wave-length  of  0^*468, 
md  in  the  red  at  43°  53',  corresponding  to  0^*640.     The  spec- 

*  See  this  Jouraal,  Marchf  1883,  p.  188. 
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trum  then  was  visible  from  a  little  beyond  F  to  near  C,  or 
through  a  range  of  0^-172.  As  might  have  been  anticipated 
from  the  greenish  color  of  the  light,  the  maximum  brilliancy 
was  in  the  green  near  E,  or  near  wave-length  0^'63.*  From 
this  point  the  light  fell  away  on  both  sides  more  rapidly  than 
in  the  solar  spectrum.     (See  Plate  IV,  A,  B.) 

July  2.  A  comparison  of  the  spectra  of  the  thoracic  and  of 
the  abdominal  light  gave  the  latter  upon  the  average  about 
double  the  intrinsic  brightness  of  the  former.  This  was  only 
a  cnide  estimate,  but  more  exact  methods  under  the  limited 
time  for  experiment  would  have  been  useless,  owing  to  the 
very  fluctuating  character  of  the  light.  In  continuation  of  the 
photometric  measurements  of  the  preceding  day  on  the  tho- 
racic light,  this  was  compared  with  that  from  the  flame  of  an 
ordinary  Bunsen  burner  at  its  greatest  luminosity,  whose  area 
was  limited  by  a  diaphragm  to  that  of  the  size  oi  the  thoracic 
light.  The  light  from  the  base  of  this  luminous  flame  (height 
01  flame  about  3*5*^'",  air  shut  oflf  at  base  of  burner)  gave  a 
continuous  spectrum,  which  in  these  first  comparisons  was 
alternated  with  that  of  the  insect.  The  spectra  were  judged 
to  be  equal  in  the  blue  and  the  red,  but  that  of  the  insect  was 
much  brighter  in  the  green.  Again,  a  spectrum  being  formed 
from  light  taken  midway  between  the  base  and  point  of  the 
flame  was  found  to  be  everywhere  too  bright,  but  especially  so 
in  the  red. 

July  8.  Continuation  of  photometric  measures  but  with 
abdominal  light.  (An  outline  of  the  abdominal  luminous 
organ  is  given  in  Plate  III,  tig.  3.) 


'ires  seen  in  indigo  45®  29' 

0-463 

Abdominal  light. 

"            "        red        43    47 

0-663 

Range  0^-200. 

"            "        indigo  46    56 

0-390 

Range  0^-382. 

"            "        red        43    21 

0-772 

Bunsen  burner. 

(Luminous  flame  4^™  high,  at  point  one-third  down  from  top, 
just  within  inner  and  sliglitly  darker  cone,  seen  through  hole 
2.5mm  Jq  diameter.)  Under  these  circumstances  the  spectrum 
of  the  insect's  light  was  in  the  green  a  fair  match  for  that  of 
the  burner,  elsewhere  the  latter  was  brighter  but  not  verv 
greatly  so.  Since  the  insect's  spectrum  was  followed  through 
0^-18  with  the  thoracic  light  while  with  that  of  the  same  char- 
acter but  double  the  brightness  it  was  followed  only  through  a 
very  little  more,  or  0^-20,  and  while  at  the  same  time  that  of  a 
but  slightly  brighter  artificial  flame  was  followed  through 
nearly  double  or  0^*38,  it  seems  probable  that  the  insect's  light 
actually  ceases  near  the  given  limits,  and  does  not  merely  dis- 
appear from  the  inability  of  the  eye  to  follow  a  diminishing 

♦  In  the  normal  spectrum  the  maximum  has  a  wave-length  OA'67. 
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light.  While  we  observe  from  these  first  photometric  meas- 
Xkves  that  the  insect's  spectrum  has  undoubtedly  a  decided 
maximum  in  the  green,  we  are  led  to  infer  that  this  spectrum 
is  very  probably  of  the  nature  of  a  broad  band  stretching  from 
beyond  F  to  near  C  where  it  terfmnates^  and  this  very  im- 
portant inference  we  shall  see  confirmed  later  by  other  and 
more  exact  measures. 

August  5.  Comparison  of  relative  brightness  in  different 
parts  of  spectrum  of  abdominal  light  with  that  from  a  student's 
tamp. 

A  spectrometer  supplied  with  means*  for  bringing  into  the 
same  field  the  spectra  of  two  different  lights,  formed  by  a 
Rutherfurd  grating  of  17296  lines  to  the  inch  (instead  of  the 
prism)  was  employed  for  this  purpose.  The  upper  half  of  the 
slit  received  the  insect's  light,  the  lower  half  a  beam  from  the 
brightest  part  of  the  Argand  flame,  which  had  passed  through 
two  Nicol's  prisms,  one  of  which  was  attached  to  a  divided 
circle.  The  two  spectra  were  then  seen  in  the  same  field  with 
their  edges  in  exact  juxtaposition.  In  the  field  of  the  observ- 
ing telescope  was  a  slit  1"™  wide,  subtending  not  quite  9*5 
(minutes  oi  arc),  which  allowed  light  having  a  range  of  wave- 
length of  about  0^*01  to  pass.  The  spectrum  of  the  lamp-light 
was  brighter  in  every  part  of  the  field  though  in  unequal 
degrees  till  it  was  diminished  by  turning  the  Nicol's  pnsm. 
The  angle  throueh  which  the  prism  was  turned  to  produce 
equality  having  oeen  noted,  the  values  deduced  from  the 
onlinary  formula  (transmitted  light  =1  cos'  a,  the  angle  a  being 
90°  when  the  light  is  diminished  as  much  as  possible  by  cross- 
ing the  planes  of  the  Nicols  at  right  angles)  are  as  follows, 
where  the  fractions  are  those  by  which  the  brightness  of  the 
lamp  spectrum  at  the  various  points  is  to  be  multiplied  to  pro- 
duce equality  with  the  insect  spectrum. 

Fart  of  ■pectram  Blae 

corresponding  to  green  grange 

center  of  slit  at  very  Green     Green     Yellow                                  yellow 

focus  of  obtenring  near  near       near      green.     Citron.    Yellow,     near     Orange, 

telescope.  F  b            E                                                        D 

flflflfl/jLfiflfl 

Wave-length,  0-49  0-51  0*53  0-54  0-56  0-58  0*59  0-60 
Brightness,  0-02     0-21     0-34     0*37     0-24     0-19     O'l?     009 

Owing  to  the  motion  of  the  insect  and  the  varying  brilliancy 
of  the  light  emitted,  these  figures  (each  of  which  is  the  result 
of  the  mean  of  several  trials  including  at  least  two  measures) 
still  leave  much  to  be  desired.  The  supply  of  the  insects 
which  had  been  procured  and  maintained  alive  with  difficulty, 
however,  did  not  allow  of  the  experiments  being  further  pro- 
longed, nor  of  the  securing  a  direct  comparison  with  the  solar 

*  Alluded  to  but  DOt  fully  described  in  this  Journal,  August,  1877. 
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spectrum.  The  value  of  each  part  of  the  lamp  Bpectrum  hay- 
ing, however,  been  independently  determined  with  all  poedble 
exactness  in  terms  of  trie  solar  spectrum,  we  are  enabled  to 
exhibit  a  comparison  of  the  latter  with  the  insect  spectrnm  8o 
as  to  show  them  together  (Plate  IV,  figs.  A  and  B).  It  is 
assumed  that  the  same  amount  of  luminous  intensity  (i.  e. 
energy  in  terms  of  vision  as  determined  by  purely  pbotometrie 
methods)  is  taken  whether  from  the  sun  or  the  insect.  The 
subjoined  curves  (Plate  IV,  fig.  1)  show  the  solar  and  the  insect 
luminosity  throughout  the  visible  spectrum  on  the  preceding 
assumption  of  the  intrinsic  equality,  a  result  which,  however, 
might  be  liable  to  a  slight  correction  of  the  relative  places  of 
the  maxima  if  a  direct  comparison  with  sunlight  were  ob- 
tained. The  important  fact,  however,  seems  to  be  brought 
out  almost  beyond  question  that  when  spectra  are  formed  from 
two  equal  lights,  one  from  the  sun  the  other  from  the  insect, 
the  latter's  spectrum  terminates  both  at  an  upper  and  a  lower 
limit  at  which  the  solar  light  is  still  conspicuous.  The  conclu- 
sion follows  that  the  insect  spectrum  is  lacking  in  the  rays  of 
red  luminosity  and  presumably  in  the  infra-red  rays,  usually  of 
relatively  great  heat,  or  that  it  seems  probable  that  we  nave 
here  light  without  heat^  other  than  that  heat  which  the  lumin- 
osity itself  comprises  and  which  is  but  another  name  for  the 
same  energy. 

Any  other  supposition  would  apparently  involve  the  hypo- 
thesis that  the  spectrum,  which  we  have  seen  end  at  the  red, 
has  a  renewal  in  the  invisible- infra-red  where  the  main  portion 
of  the  solar  heat  and  that  of  all  ordinary  illuminants  is  Known 
to  exist.  Although  this  last  hypothesis  cannot  be  considered 
to  have  much  weight,  and  though  we  are  led  to  agree  with 
previous  observers  that  it  may  be  assumed  with  much  prob- 
ability that  the  ordinary  invisible  heat  would,  if  we  had  means 
to  observe  it,  be  found  unassociated  with  the  fire-fly's  light, 
yet  this  assumption  is  itself  far  from  being  proof,  and  in  view 
of  the  great  importance  of  the  conclusions  in  question,  we  shall 
now  try  whether  it  be  possible  to  settle  the  point  by  thermal 
measures  with  the  bolometer. 

Part  2.     Thermal  Observations. 

To  give  an  idea  of  the  amount  of  heat  at  our  disposition  for 
experiment,  and  of  the  actual  minuteness  of  the  radiation 
which  proceeds  from  even  the  most  luminous  tropical  insect, 
we  may  say  that  if  that  rate  of  radiation  from  a  lamp-blaek 
surface  1  sq.  cm.  in  area,  which  represents  the  amount  of  heat 
necessary  to  raise  1  gram  of  water,  1°  centigrade,  in  1  minute 
(i.  e.  one  small  calorie)  be  taken  as  unity,  then  the  luminous 
radiation  of   the  fire  fly's   heat,  per   square  cm.    of   exposed 
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aminoiis  Burface,  as  we  have  found,  is  about  0*0004  calorie  in 
.0*^,  and  the  totitd  luminous  radiation  from  the  most  power- 
oily  illnminating  light  spot  of  the  insect  (the  abdominal  one> 
vill  not  exceed  0*00007  calorie  in  the  same  time.  But  a  small 
K>rtion  of  this  could  fall  upon  the  bolometer,  and  that  which 
uotoally  reached  it  during  the  time  (10"^)  required  for  each 
observation,  was  sufficient  only  to  affect  an  ordinary  mercurial 
hermometer  having  a  bulb  1*^  in  diameter  by  rather  less  than 
)*^*O0O0023,  or  by  less  than  tttf »t  of  one  degree  centigrade. 

We  have  just  mentioned  that  the  total  amount  of  heat 
-adiation  upon  which  we  have  to  make  our  investigation  repre- 
ients  less  than  i^^^^^  calorie,  while  that  portion  of  this  which 
Ealls  upon  the  apparatus,  would  in  the  time  of  one  operation, 
Mily  raise  the  temperature  of  an  ordinary  mercurial  thermo- 
meter by  less  than  TTnJSrTnr  <l6gree,  and  we  have  first  to  notice 
the  difficulty  that  in  case  invisible  heat  exists  in  company  with 
the  light  (and  it  certainly  does  exist  in  ordinary  emanations 
from  the  surface  of  any  living  creature  independent  of  phos- 
phorescence), we  have  in  this  minute  radiation,  heat  of  two 
oifferent  kinds,  both  invisible  and  which  it  is  yet  indispensable 
for  us  to  discriminate. 

We  are  helped  to  do  this  by  the  consideration  that  while  the 
insect,  like  any  non-luminous  one,  must  emit  ^'  animal  heat " 
from  all  its  surface,  its  general  surface  temperature  is  certainly 
low,  since  it  feels  cold  to  the  hand  whose  greater  warmth  ex- 
cites it  to  shine.  This  heat  then  corresponds  to  a  temperature 
much  below  50°  Cent.,  and  such  temperatures  must,  as  we  have 
ahown  in  other  memoirs,  be  accompanied  by  the  emission  of 
waves  whose  length  relegates  them  to  quite  another  spectral 
region  to  that  in  which  the  invisible  heat  associated  with  light 
mainly  appears.  We  can  then  discriminate  the  rays  of  this 
invisible  *'  animal  "  heat  without  the  formation  of  a  heat  spec- 
tram  by  their  inability  to  pass  through  a  glass  which  transmits 
with  comparative  freedom,  radiant  heat  whose  wave-length  is 
less  than  3^,  the  latter  including  the  region  where  if  there  be 
invisible  heat  radiated  with  the  light  it  must  mainly  lie. 

The  heat  in  the  spectral  region  of  the  infra-red  we  are  con- 
sidering, we  know  in  advance  must  be,  if  it  bear  any  sort  of 
relation  to  the  light,  almost  immeasurably  small,  and  in  fact  it 
defied  at  first  all  attempts  to  obtain  not  merely  a  quantitative 
measurement  but  even  any  certain  experimental  evidence  of 
its  existence.  At  last  upon  July  24,  with  the  arrival  of  a  new 
stock  of  over  two  dozen  insects  and  with  the  aid  of  experience 
derived  from  previous  failures,  these  heat  measures  were 
resumed.     For  the  first  described,  the  thoracic  light  is  taken. 

The  insect  was  placed  125"°  from  the  mirror  of  25*4*^™  aper- 
ture and  73'4°°  focus,  so  that  its  image  was  formed  at  178'=°^ 
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and  enlarged  about  142  diameters,  when  a  small  portion  of  it 
filled  au  aperture  equal  to  the  bolometer  employea,  which  was 
selected  from  the  most  sensitive  of  those  used  in  previoos 
researches  in  lunar  heat  and  had  an  aperture  of  19**  °^.  By 
the  preceding  arrangement  of  the  mirror  an  image  of  one  of 
the  tnoracic  bright  spots,  with  enough  of  the  surrounding  body 
to  represent  an  area  of  about  13**  ™™,  was  enlarged  to  nearly 
the  surface  of  the  bolometer. 

Employing  all  the  precautions  taught  by  a  multiplied  experi- 
ence, we  obtained  by  a  series  of  exposures  of  the  bolometer  to 
the  insect  radiation  a  series  of  small  but  real  galvanometer 
deflections  which  represent  the  excess  of  total  heat  radiations 
from  the  insect  over  those  from  a  metal  plate  of  a  temperature 
of  about  25°' C.  forming  the  background.  These  heat  radia- 
tions come  jointly  from  the  luminous  spot  (area  3  to  l*'  ™) 
and  about  9*^  ""^  of  the  surrounding  body.  To  determine  their 
characters  we  interposed  a  sheet  oi  glass*  which  cut  oflf  all  the 
observed  heat.  The  heat  from  the  luminous  spectrum  and 
from  a  spectral  region  below  it  extending  to  about  S'*  (30,000 
tenth  meters)  was  known  to  be  capable  of  passing  through  this 
glass.  The  evidence  then  is  that  there  is  no  heat  in  the  spec- 
trum below  this  feeble  radiation  from  the  luminous  thoracic 
region,  sufficient  to  be  capable  of  affecting  the  apparatos, 
though  this  was  so  sensitive  as  to  promptly  respond  to  the 
feeble  body  radiation  from  the  somewnat  larger  section  of  the 
luminous  and  non-luminous  surface. 

Continuatio7i  on  Abdominal  Seat. 

The  insects's  light  then  is  unaccompanied  (in  the  specimen 
subject  to  this  experiment)  by  any  measurable  heat,  but  to 
make  it  still  more  evident  that  this  is  due  to  the  absence  of 
heat  below  the  red  (body  heat  not  being  in  question)  we  now 
proceed  to  take  an  artificial  flame,  occupying  the  same  area  as 
the  radiating  luminous  part  of  the  insect,  and  to  see  whether 
heat  is  observed  in  it.  If  the  flame  be  no  brighter  than  the 
insect,  and  the  heat  be  nevertheless  observed  in  it  when  in  the 
insect  heat  is  lacking,  it  is  obvious  that  in  the  latter  case  none 
is  observed  because  (sensibly)  none  is  emitted,  and  this  con- 
clusion is  reached  a  fortiori  when  the  flame  light  is  less  than 
that  of  the  insect. 

July  27.  Through  a  circular  aperture  2*5"°  in  diameter,  there 
was  passed  alternately  the  total  radiant  heat,  and  that  trans- 
mitted by  glass  from  a  nearly  non-luminous  Bunsen  flame, 
whose  luminosity  was  very  much  fainter  than  that  from  the 
insects.     On  this  day  there  seemed  to  be  an  exceedingly  minute 

♦  Described  in  the  Memoir  "  On  the  Temperature  of  the  Surface  of  the  Moon," 
Mem.  Nat.  Acad,  of  Sciences,  vol.  iii,  as  '*  B." 
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:tion  averaging  J  of  one  division  of  the  galvanometer  scale 
the  total  radiation  of  an  equal  portion  of  the  abdominal 
spot  of  the  insect,  while  from  the  flame  there  was  a  mean 
jtion  of  177'5  divisions,  showing  that  the  total  heat  radia- 
from  an  eanal  area  of  a  less  luminoos  flame  was  many 
red  times  that  from  the  luminous  area  of  the  insect. 
188  being  interposed,  the  heat  due  to  this  flame  radiation 
>  14*5  divisions,  or  about  8  per  cent  of  the  original  radia- 
showing  that  of  the  quality  of  Bunsen  flame  heat  immedi- 
in  question  (that  above  3^  transmissible  by  glass),  there 
(till  something  like  60  times  that  of  the  combined  body 
uminous  radiation  of  the  insect  in  the  far  less  luminous 
.  Subsequently  by  the  use  of  a  lens  giving  greater  con- 
ation, measurable  indications  of  insect  radiation  above  S'* 
;herefore  distinct  from  any  possible  body  heat,  were  ob- 
i  through  glass,  showing  the  name  radiation  of  this  quality 
an  equal  area  of  the  same  intrinsic  brilliancy,  i.  e.  invwi- 
eat  and  of  long  wave-length,  but  shorter  than  3^  to  be 
;  400  times  that  of  the  insect. 

ese  experiments  were  repeated  with  different  luminous 
8  and  with  different  insects  on  succeeding  days.  In  some 
lem  especially  luminous  insect  specimens  were  secured 
1  with  favorable  conditions  of  the  galvanometer,  gave 
measurable  deflections  on  the  latter.  ±Jy  a  similar  use  of 
lass  to  that  described,  it  appeared  that  flames  whose  in- 
c  brilliancy  is  nearly  comparable  to  that  of  a  point  below 
liddle  of  the  candle  flame,  and  whose  total  brilliancy  is  as 
ly  as  possible  comparable  to  that  of  the  insect,  give  several 
red  times  the  heat  of  the  latter,  even  if  we  consider  only 
quality  of  heat  which  is  found  above  3^,  while  if  we  com- 
the  total  radiations  (i.  e.  those  directly  observed  without 
se  of  the  glass)  the  contrast  is  still  stronger, 
follows  that  the  insect  light  is  accompanied  by  approxi- 
ly  one  four-hundredth  part  of  the  heat  which  is  ordinarily 
iated  with  the  radiation  of  flames  of  the  luminous  quality 
lose  which  were  the  subject  of  experiment.  This  value  is 
rmed  by  other  methods  which  we  do  not  give  here.  It 
K)nduce  to  a  clearer  comprehension  of  this,  if  we  exhibit 
series  of  curves  derived  from  our  observations,  the  spec- 
listribution  of  one  unit  of  energy  in  the  gas  flame  spec- 
(Plate  V,  fig.  1) ;  of  the  electric  arc  spectrum  (Plate  V, 
) ;  of  the  sun  (Plate  V,  tig.  3)  ;  and  of  the  insect  (Plate 
5.  4).  In  all  these  the  absciesse  are  the  same,  the  portion 
een  0^*4  and  0^*7  (violet  to  red)  showing  the  part  of  the 
ry  utilized  in  light,  while  that  from  0^*7  to  3^  shows  the 
wasted  as  invisible  heat.  The  energy  in  each  case  being 
ame,  the  areas  are  the  same,  except  that  owing  to  the 
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relative  importance  of  the  light  heat  curve  (fig.  4)  only  about 
-^  of  the  latter  can  be  shown  in  the  limits  of  the  plate. 

The  curves  in  Plate  IV  deal  with  luminous  intensity  only 
and  give  no  means  of  drawing  those  economic  concfosions 
which  appear  to  follow  from  our  experiments,  and  which  the 
curves  in  Plate  V  supply.  These  curves  (Plate  V)  all  ex- 
hibit the  spectrum  on  the  normal  scale,  from  that  easily  visi- 
ble, lying  between  0^*4  in  the  violet  and  0^*7  in  the  red,  then 
to  3^  near  the  limit  of  the  glass  transmission.  In  the  case 
of  the  first  three,  representing  spectra  of  the  gas  flame,  the 
electric  arc,  and  the  sun,  nearly  all  the  energy  lies  above  V ; 
in  that  of  the  ffas-flame  a  considerable  portion  lies  below  3^ 
(and  still  more  in  that  of  the  candle-flame,  if  that  were  shown 
where  most  of  the  energy  would  lie  below  S'*  or  outside  the 
limits  of  the  drawing).  The  curves,  then,  we  repeat,  represent 
equal  amounts  of  energy  (which  without  sensible  error  we  may 
assume  to  be  all  exhibited  as  heat)  and  inclose  equal  areas. 

The  total  area  represents  in  each  case  the  expenditure  of  a 
unit  of  cost  in  thermal  energy,  the  area  between  0'''4  and  O^'T, 
the  proportion  of  this  utilized  as  lights  though  as  we  have  jnst 
stated,  in  the  case  of  fig.  4,  the  representative  of  the  fire-fly 
spectrum,  only  a  fraction  of  this  can  be  shown  (owing  to  the 
hmits  of  the  drawing.) 

Resuming  then  what  we  have  said,  we  repeat  that  nature 
produces  this  cheapest  light  at  about  one  four-hundredth  part 
of  the  cost  of  the  energy  which  is  expended  in  the  candle- 
flame,  and  at  but  an  insignificant  fraction  of  the  cost  of  the 
electric  light  or  the  most  economic  light  which  has  yet  been 
devised  ;  and  that  finally  there  seems  to  be  no  reason  why  we 
are  forbidden  to  hope  that  we  may  yet  discover  a  method 
(since  such  a  one  certainly  exists  and  is  in  use  on  the  small 
scale)  of  obtaining  an  enormously  greater  result  than  we  now 
do  from  our  present  ordinary  means  for  producing  light. 

Appendix. 

Determination  in  Calories  of  the  Heat  in  the  Luminous  (Abdom- 
inal) Madiatlon  of  Pyrophorus  noctilucus. 

The  determination  is  reached  by  two  steps:  (I)  The  calibration 
of  the  galvanometer,  so  as  to  give  the  value  of  its  division  in 
calories ;  and  (2)  the  inference  from  the  observed  deflection  in 
divisions  of  the  total  of  calories  radiated. 

1.  The  bolometer,  whose  face  occupied  0*19  sq.  cm.  (a),  gavei 
deflection  of  342  divisions  (^),  at  a  distance  of  25  cm.  (r)  from  a 
5  cm.  circular  aperture  filled  by  a  blackened  Leslie  cube.  Seen 
from  the  center  of  this  aperture,  the  bolometer  occupied,  then 

- — ^  =  00000484  of  the  hemisphere,  and  would  have  received  thii 
27rr 
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fraction  of  the  total  radiation,  except  that  being  placed  exactly 
opposite  the  radiating  surface,  more  than  the  mean  radiation  fell 
on  it  in  a  proportion  which  calculation  shows  to  be  about  i^. 
The  fraction  of  the  total  radiation  which  it  actually  received, 
then  was  0*0000645  (c). 

Accordingly  the  total  radiation  would  have  caused  a  deflection 

-  =  5300000  divisions. 

c 

The  surface  of  the  cube  was  at  a  temperature  of  99®  Cent,  and 
was  limited  by  the  diaphragm  to  an  area  of  19'6  sq.  cm.  {d). 
The  total  radiation  from  one  centimeter  then  would  have  caused 

s  deflection  of  --t= 270400  div.  The  temperature  of  the  bolo- 
meter, which  was  that  of  the  apartment  was  20°  C.  According 
to  Dulong  and  Petit's  law,  the  radiation  from  such  a  surface  at 
99*^  C.  to  one  at  20°  C.  would  be  I'll  cal.  per  minute  (e^,  which 
does  not  greatly  differ  from  our  own  independent  determmations, 

mln. 

and  for  10"*^*= 0*167  (/),  (the  time  of  the  galvanometer  swing), 
c*i-  ^  270400 

it  equals  0*185  (e/*).  Hence —=~^= =  1462000  div.  is  the 

^  ^*^'  cdef       0*185 

potentiality  of  work  in  1  calorie,  to  be  expressed  in  the  swing  of 

the  galvanometer  needle,  and  1  div. = 0*000000684. 

2.  The  galvanometer  received  the  fire-fly  radiation  through  a 

lens  which  occupied  0*00655  of  a  hemisphere,  and  would  have 

J^'ansmitted  this  fraction  of  the  total  heat,  except  for  its  position, 

which  caused  it  to  transmit  ^  more  than  the  average,  which  is 

0'00873  (g).     The  measured  radiation  from  this  fractional  part 

*'•       .  h 

gave  0*84  div.  (A)  and  -  =  96*2  div.  is  the  deflection  which  would 

be  given  by  the  total  abdominal  emission,  or 

c«l. 

96*2  X  0*000000684=:0*0000658. 
Since  the  luminous  surface  has  an  area  of  about  ^  sq.  cm.,  this 

cal. 

corresponds  to  a  radiation  of  0*00039  per  sq.  cm.  of  radiating  sur- 
face in  the  time  of  the  galvanometer-needle's  swing,  or  to  — ^r- 

=0*0024  per  sq.  cm.  per  minute. 

(Taking  the  water-equivalent  of  the  bulb  of  an  ordinary  mer- 

curial  thermometer  1  cm.  in  diameter  at  0-25  we  find 

0*84  X -000000684       '    ^ 


0*25 


=  0"*0000023 


showing  that  if  such  a  thermometer  were  placed  in  the  position 
occupied  by  the  bolometer  its  rise  during  the  time  of  the  latter's 
exposure  to  the  radiation  of  the  insect  would  be  between  two  and 
three  one-millionths  of  a  centigrade  degree.) 

Am.  Jour.  Sci.— Tmao  Series,  Vol.  XL,  No.  236.— August,  1890. 
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Art.  XIIL — Contributions  to  Mineralogy^  No.  48 ;  by 

F.  A.  Genth. 

1.   Tetradymite, 

Sevekal  years  ago,  tetradymite  was  found  two  miles  soutiiof 
Bradshaw  City,  Tavapai  County,  Arizona.  It  occurs  in  crys- 
talline masses,  implanted  in  imperfectly  crystallized,  slightly 
ferruginous  quartz,  associated  with  pyrite.  A  few  impelled 
bladed  crystals  are  visible  suggesting  an  orthorhombic  form, 
combination  of  the  prism  and  brachypinacoid,  with  deavage 
highly  perfect  brachydiagonal.  Mostly  in  bladed  crystalline 
masses,  the  largest  blade  in  my  specimens  over  30°*°*  long  and 
gmm  broad.  Some  of  the  crystals,  partly  altered  into  a  brown- 
ish white,  amorphous  substance,  probably  montanite,  with  i 
nucleus  of  tetradymite.  After  subtracting  15"6  per  cent  of 
quartz  and  1  -8  per  cent  of  ferric  oxide,  the  analysis  gave : 

Sulphur 4'50 

Tellurium 33'26 

Bismuth 62-23 


99-98 


This   gives   nearly :    Bi,(SiFeo)„   analogous  to  bismnthinite. 

If  the  observation  of  rhombic  forms  is  confirmed,  it  will  place 
tetradymite  (with  exception  perhaps  of  that  from  SchnbKan), 
in  its  proper  place  in  the  system,  in  the  group  with  stibnite 
and  bismuthinite.  The  quantity  of  the  altered  mineral  was 
too  small  for  a  fuller  examination. 

2.  Pyrite. 

The  occurrence  of  arsenate  of  cobalt  with  the  octahednl 
crystals  of  pyrite  at  the  French  Creek,  Chester  Co.,  Pa.,  Iron 
Mines,  suggested  the  examination  of  the  latter  which  wi» 
made  in  my  laboratory  by  Mr.  Aron  Hamburger.  The  most 
perfect  and  purest  crystals,  averaging  about  2°*°^  in  size,  gave 
the  following  composition : 

S 54-08 

As 0-20 

Cu 0-05 

Ni    0-18 

Co 1-76 

Fe   44-24 

100-50 
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The  cobalt  arsenate  which  occurs  as  a  very  thin  coating  upon 
rite,  calcite,  byssolite,  etc.,  has  not  the  usual  appearance  of 
^hrite,  it  is  generally  in  microscopic  crystalline  groups  of  an 
pure  rose  color.  It  is  very  rare  and  large  masses,  showing 
would  not  have  given  O'l  grm.  of  pure  material.  In  order 
ascertain  what  its  molecular  composition  might  be,  all  por- 
»n8  of  the  specimens  containing  it  were  scraped  oS  and  in  the 
mlting  material  the  cobaltous  oxide  and  arsenic  pentoxide 
sre  earef  ally  determined.  I  obtained  :  0-0366  grm.  Mg,As,0, 
d  0-0430  grm.  CoSO,,  equal  to:  00272  grm.  As.O,  and 
)208  grm.  CoO.  This  gives  the  molecular  ratios  of  As,0, : 
►0=1-18 : 2-8  or  1 :  2*36  instead  of  1:3,  probably  owinff  to 
B  substitution  of  some  other  base,  perhaps  CaO  or  MgO  for 
portion  of  the  cobaltous  oxide. 

3.   Quartz^  pseudomorphous  after  Stibnite. 

Mr.  Wm.  H.  Schlemm,  of  Durango,  Mexico,  kindly  sent  me 
me  fragments  of  a  mineral  from  this  locality  for  identifica- 
)n.  There  were  about  half  a  dozen  pieces — most  of  them  of 
yellowish  white  dull  earthy  mineral  intermixed  with  crystal- 
le  quartz.  One  of  the  specimens  showed  a  coating  of  stibnite 
ih  a  beginning  alteration.  Others  contain  the  stibnite,  with 
e  prismatic  and  brachypinacoid  planes,  completely  altered 
to  a  yellowish  white  ouartz.  A  qualitative  analysis  proved 
e  presence  of  very  small  quantities  of  antimonous  oxide. 

4.   Gold  in  Turquois  from  Los  Cerillos^  New  Mexico.* 

In  manv  collections,  specimens  of  gold  enclosed  in  or  asso- 
ited  with  a  bluish  green  mineral  are  represented  as  turquois 
th  gold  from  the  celebrated  locality  Los  Cerillos,  New 
exico.  Through  the  kindness  of  Messrs.  Geo.  W.  Fiss  and 
mes  W.  Beath  of  this  city,  I  received  specimens  for  exami- 
tion.  They  proved  that  neither  contained  any  turqaois. 
)th  are  said  to  come  from  Arizona. 

a.  The  specimens  from  Mr.  Fiss  consisted  of  a  compact, 
ghtly  greenish  sky-blue  mineral.  H.=2;  sp.  gr.= 2*487. 
ith  finely  granular  grayish  white  quartz  and  imely  crys- 
Uine,  deep  yellow  gold,  coating  the  bluish  mineral  and 
JO  disseminated  through  the  quartz.  The  analysis  of  the  blue 
ineral  is  given  below  (a),  and,  for  comparison  the  analysis  of 
variety  of  turquois  from  Los  Cerillos,  almost  identical  in 
pearance  with  tne  former  (J.) 

^At  my  request,  the  distinguished  archaeologist  Dr.  Ad.  F.  Bandelier,  under 
»,  Santa  Fe,  New  Mpzico,  April  15th,  1890,  informs  me  that  he  never  had  seen 
/  gold^  <u90ciated  with  turquois^  from  Loa  CeriUos^  and  t?iai  fie  had  never  heard  of 
^one  who  had  found  gold  together  toith  turquois. 
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a,  h. 

Loss  by  ignition 14-30  19*93 

SiO 46-19  1-42 

A1,0, 38-82  40-81 

Cr,0, 0-82  

Fe,0, 2-19 

Cu 8-88 

P,0, 26-52 

100-13  99-70 

From   this  analysis  it  will  be  evident  that  the  gold-bea 
mineral  is  not  turquois,  but  a  chromiferous  elm. 

h.  Entirely  different  is  the  auriferous  mineral  received  f 
Mr.  James  W.  Beath.  It  consists  of  brown  ferruginous  qui 
apparently  free  from  gold  with  a  vein  from  6  to  12°""  in  w 
of  a  greenish  blue  quartz  with  crystalline,  deep  yellow  | 
disseminated.     The  analysis  of  the  greenish  blue  mineral  g! 

Loss  by  ignition 4-44 

SiO, 86-75 

CuO 8-60 

99-79 

or  a  quartz  with  an  admixture  of  about  19  per  cent  of  chr 
colla. 

5.  Zircon, 

With  the  masses  of  monazite  at  Mars  Hill,  Madison 
N.  C,  is  rarely  associated  zircon  in  crystals  of  consider 
size.  One,  which  I  picked  out  from  a  lot  of  monazite, 
nished  the  material  for  the  following  analysis.  It  was  \ 
long,  23°^  broad,  rough  and  irregular,  showed  only  the  pi 
and  several  pyramidal  planes.  Spec.  gr. =4*507.  The  ana! 
gave: 

Loss  by  ignition 1*20 

SiO, 31-83 

ZrO, 63-42 

Fe,0. 3-23 


99*68 
6.  Scapolite. 

At  the  Elizabeth  Mine,  French  Creek,  Chester  Co.,  Pa., 
depth  of  400  feet  small  crystals  of  scapolite  have  been 
served,  as  a  rarity ; — it  appears  to  have  resulted  simultaneoi 
with  another  variety  of  garnet  from  the  alteration  of  essoi 
They   are  filling  cavities  of  a  brownish  gray  and  ash-g 
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aet,  associated  with  magnetite,  pyrite  and  remnants  of  the 
mite.  The  crystals  are  colamnar,  the  best  are  the  smallest 
Bhow  combinations  of  the  1st  and  2d  prism  with  the  basal 
acoid  ;  no  pyramidal  planes  could  be  observed.  The  larger 
3tals  are  deeply  striated,  by  which  all  planes  are  obliterated. 
3ir  size  varies  from  2°°"  in  length  and  0-25""  in  thickness  to 
°*  in  length  and  5°^  in  thickness;  frequently  in  groups, 
orless  to  white  and  grayish  white.  Spec.  grav.=:2'675. 
3  analyses  gave : 

a  h 

Loss  by  ignition 1*50  1'61 

CO, 2-63  not  det'd 

SiO, 62-30  62-26 

A1,0, 23-68  24-16 

Fe,0, 0-58  0-43 

MgO  .--,. 0-06  0-16 

CaO 12-36  11-76 

Na p 6-29  not  det'd 

K.O 0-77  "      " 


100-06 

7.   Garnet. 

This  garnet  which  results  from  the  alteration  of  essonite 
W8  occasionally  dodecahedral  and  trapezohedral  planes  which 
sometimes  coated  with  a  thin  shell  (not  over  0*5™™  in  thick- 
is)  of  the  original  mineral  of  a  bright  cinnamon-brown 
or.  The  purest  has  a  brownish  gray  or  ash-gray  color  and  a 
c  gr.  of  3-390.     The  analysis  gave : 

Loss  by  ignition 0-51       J  ^^^  ^^^,^ 

Sio' 41-42  41-69 

Al,0, 18-09  18-37 

Fe,0, 10-81  10-27 

MnO 0-88  0-93 

MgO 0-59  0-52 

CaO   26-19  26-10 


100-20 


8.    Titafii/erous  Garnet 

Phe  late  Thos.  S.  Ash  brought  from  the  Jones  Mine  on 
3en  Kiver,  Henderson  Co.,  N.  C,  a  variety  of  garnet  which 
ave  analyzed. 

t  is  massive,  of  a  splintery  uneven  fracture,  has  only  slight 
ications  of  dodecahedral  planes,  brown  color,  spec.  grav. 
•738.     The  analysis  gave : 
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Loss  by  ignition 0*66 

SiO, 85-56 

TiO, 4-58 

Al,0, 4-43 

Fe.O, 20-51 

FeO 1-88 

MgO 0-17 

CaO 31-90 


99-58 
9.  AUanite. 

In  the  hope  to  find  among  the  minerals  which  were  asso- 
ciated with  the  corundum  and  the  pseudomorphe  of  spinel 
(pleonaste)  after  corundum,  which  I  described  in  1878  in  the 
f  roc.  Am.  Philos.  Soc,  xiii,  p^.  361-406  the  rare  t8che£Ekinite, 
I  examined  two  varieties  which  I  had  in  my  collection  as 
allanite  7 

a.  The  first  variety  has  a  velvet-black  color,  shows  a  sUght 
transparency  with  a  greenish-black  color  and  a  vitreous  luster. 
Sp.  gr.= 3-546. 

It  is  a  pebble  coated  with  white  silica,  resulting  from  partial 
alteration.  The  analyzed  portion  was  of  perfectly  pure  ma- 
terial (a). 

b.  The  second  variety  is  of  a  deep  brownish  black  color, 
thin  splinters  with  brownish  black  transparency,  vitreons 
luster.  Sp.  gr.=  3"491.  Two  small  pebbles,  the  surface 
slightly  oxidized  into  a  brown  earthy  coating.  The  material 
for  the  analysis  was  quite  fresh  and  apparently  pure  (J). 

Loss  by  ignition 

SiO, 

ThO, 

TiO, 

CeO, 

(LaDi)A 

Y,0. 

A1,0. 

FeA 

FeO 

MnO 

MgO 

CaO 

100-07  100-16 

10.  Lettsomite  from  Arizona  and  Utah. 

Messrs.  Geo.  L.  English  &  Co.  brought  this  rare  mineril 
from  two  new  localities,  but  only  one  specimen  has  been  ob- 


\ 


a 

h 

2-25 

2-63 

31-67 

32-04 

0-33 

«      M      ^      W 

- » .  • 

0-12 

23-98 

12-91 

10-24 

0-36 

0-33 

12-20 

14-02 

4-42 

7-17 

10-89 

7-52 

2-52 

0-37 

2-08 

1-47 

9-37 

11-34 

F.  A.  Oenth — Contributions  to  Mineralogy.  119 

sd  at  each,  the  Copper  Mountain  Mine  near  Morenci, 
bam  Oounty,  Arizona,  and  at  CopperopoliB,  formerly  the 
eriean  Eagle  Mine,  Tintic  District,  Utah.  They  very 
[ly  placed  all  their  material  at  my  disposal  which  enabled 
to  make  a  fuller  investigation  and  clear  away  the  doubts 
tin^  as  to  the  constitution  of  this  mineral. 

The  Arizona  mineral  forms  narrow  seams  in  a  siliceous 
jue,  coated  with  earthy  varieties  of  limonite.  The  lettso- 
^  occurs  in  incrustations  up  to  a  thickness  of  about  iF^. 
mail  cavities  it  shows  thin  nbers  and  small  tufts  often  with 
idiated  structure.  Its  color  is  from  a  deep  sky-blue  to 
e-blue;  luster  silky.  Sp.  grav.  taken  in  alcohol  2*787. 
jme  of  the  lettsomite  has  undergone  an  alteration,  befi^n- 
j  with  a  change  into  greenish  yellow,  and  finally,  by  the  loss 
he  cupric  oxide,  into  a  fibrous  yellowish  white  mineral. 
M>rtions  where  the  alteration  has  taken  place  the  matrix  is 
uently  coated  with  a  crvptocrystalline,  mammillary  hydrous 
linum  sulphate.  Neither  could  be  obtained  in  a  quantity 
cient  for  a  fuller  investigation. 

he  analyses  were  made  with  almost  pure  azure-blue  tufts 
ind  nearly  pure  sky-blue  radiating  particles  (h  and  c). 

a  b  c  Mean.     Mol.  Batlo. 

able 0-46  038  0*48  0*44 

notdet'd)       3^.^^         2189        2189         1*216         7  8     8 


12-38  J       ""•         12-69         12-49         0-166  1     I 

47-40         46-34         4639         46*71         0'590         3*8     4 


, 16-71         1694         16*77         16*47         0161 

, 0*80  1-61  1*64  1-34         0-088 


i 


10     1 


99-74         99-76         9934 


onsidering  the  slight  loss  of  cupric  oxide  by  beginning 
•ation,  the  ratio  for  SO, :  CuO  :  Al,0, :  H,0  is  1 : 4  : 1 :  8= 
flLl,(OH)„ .  S0^-f-2H,0,  which  gives  the  following  percent- 
composition  : 

A1,0, 102  16-88 

SO, 80  12-56 

4CuO 316  49-23 

SUfi 144  22-43 

642  100-00 

The  lettsomite  from  the  American  Eagle  Mine  occurs 
a  a  bluish  green  mineral,  which  appears  to  be  amorphous, 
-like,  and  evidently  a  mixture  of  cfay  and  lettsomite.  The 
3  lettsomite  forms  a  velvet-like  coating  of  azure-blue  silky 
re.  The  specimen  being  very  small,  only  0-065  grms. 
id  be  obtained  for  analysis,  which  gave : 
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SO, 12-60 

CaO 49-54 

A1,0, 15-45 

Fe,0 0-91 

H,0(by  diff) 21-40 

100-00 
cloeelv  agreeing  with  the  above  eompositioiL 

Chemical  lAbontorj,  So.  Ill  3l  10th  Sc^  Hiiladdphia,  April  Gtii,  1890. 


Abt.  XIY. — A  Curious  Occurrence  of  Vivianiie  ;  by 

Wm.  L.  Dudley. 

While  making  the  preliminary  survey  of  the  Cumberland 
river  from  Xashville  to  its  mouth  for  the  purpose  of  locating 
the  locks  and  dams  which  are  to  be  constructed  by  the  Gov- 
ernment, Assistant  En^neer  C.  A.  Locke  discovered  some 
"  blue  roots  "  embedded  in  a  stratum  of  clav  which  had  been 
exposed  in  the  bank  made  by  the  erosion  of  the  waters  in 
cutting  out  the  channel  of  the  river.  The  locality  was  abont 
two  miles  above  Eddyville,  Ky.  The  stage  of  the  river  was 
about  six  feet  above  low  water  mark,  and  uie  stratum  contain- 
ing the  roots  was  about  two  feet  above  the  surface  of  the  water 
or  eight  feet  above  low  water.  The  stratum  is  exposed  there- 
fore only  for  a  limited  season  each  year. 

Maj.  liocke  gives  the  general  characters  and  thicknesses  of 
the  strata  exposed  in  the  cut,  as  follows :  Soil,  2  feet ;  light 
yellow  clay,  15  feet;  light  drab  clay,  15  feet,  at  the  bottom  of 
which  the  blue  roots  were  found ;  below  this  an  unknown 
depth  of  gravel. 

The  "  blue  roots  "  were  found  in  such  position  as  to  indicate 
that  they  were  in  the  place  of  their  growth.  The  clay  is 
described  as  having  a  blue  color  when  wet,  and  I  regret  that  a 
specimen  of  it  was  not  collected  for  examination. 

Four  of  these  "roots,"  more  or  less  perfectly  preserved, 
were  handed  to  me.  They  were  from  one-half  to  two  centi- 
meters thick  and  six  to  twelve  long.  The  blue  mineral  which 
has  almost  wholly  replaced  the  woody  fiber  of  the  roots  is  of  a 
deep  blue  color  resembling  cobalt-blue  but  somewhat  darker, 
and  of  a  duller  hue.  It  is  earthy  and  very  friable.  There  is 
no  evidence  of  structure,  and  the  specimens  seem  to  be  casts  of 
the  original  roots,  formed  gradually  as  decay  proceeded. 

Some  of  the  remaining  particles  of  the  wood  were  given  a 
microscopic  examination  by  Professor  Jas.  M.  Safford,  who 
pronounced  it  coniferous. 
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3r  analysis  some  of  the  mineral  was  pulverized  and  sus- 
ied  in  water.  The  small  particles  of  woodv  Bubstance 
ing  were  removed.  Heavy  brownish  mineral  matter  in 
1  quantity  rapidly  settled  to  the  bottom,  and  the  water 
aining  the  blue  substance  in  suspension  was  carefully 
•ed  on  and  allowed  to  settle  during  twelve  hours.  This 
ation  was  repeated  and  the  mineral  was  in  a  very  fair  state 
urity.  It  was  then  dried  in  the  air  at  the  temperature  of 
laboratory,  and  finally  for  twelve  hours  over  sulphuric 
Analysis  gave  the  following  result : 

Water  given  off  at  100°C 10-69  per  cent. 

*'           "         '«      230° 7-24  " 

Alumina 17*74  " 

Ferric  oxide 9*36  *' 

Ferrous  oxide 24-68  " 

Lime 0*69  ** 

Magnesia 0*43  " 

Phosphoric  anhydride  (P,OJ 27*71  " 

Insoluble  matter 1*84  " 


100-07 


''hen  the  water  was  driven  off  at  100°,  the  residue  had  a 
green  color  resembling  chromic  oxide.     After  heating  to 

*  until  all  of  the  water  was  eliminated  the  color  was  light 
rn.  In  a  desiccator,  over  sulphuric  acid,  the  mineral 
lually  lost  water  and  for  several  days  became  green.  This 
irred  more  rapidly  of  course  if  the  air  in  the  desiccator  was 
lasted. 

in  the  above  analysis,  the  lime,  magnesia  and  insoluble 
ter  be  eliminated  and  the  percentages  of  the  remainder 
Milculated  to  100,  it  is  found  that  the  mineral  may  be 
'  nearly  represented  by  the  formula  2(3FeO+P,0,)+Fe,0„ 
,0„  (P,0,),  +  17H,0,  or  2Fe.P,0,  +  Al,Fe.P,0„  +  17H,0. 
J  seems  to  indicate  that  the  ferrous  iron  in  the  mineral  is 
bined  with  the  P,Oj  to  form  vivianite,  Fe,P,0,+8H,0, 

Professor  F.  W.  Clarke  arrived  at  the  same  conclusion 
Q  examining  some  specimens  which  I  sent  to  the  National 
)eum. 

•  the  double  molecule  of  vivianite,  2(Fe,P,OB+8H,0),  be  sub- 
ted  from  the  above  formula,  there  remains  Al,Fe,P40„+H,0, 
3h  resembles  an  almost  dehvdrated  double  molecule  of  tur- 
js,  AlgP.O^+lOHaO,  in  which  one  molecule  of  Fe,0,  has 
aced  one  of  A1,0,.     The  mineral  was  so  earthy  and  friable 

sections  could  not  be  cut,  and  therefore  microscopic  evi- 
3e  is  impossible. 

Bmical  Laboratory  of  Vanderbilt  University,  Nashville,  Tenn., 
March  21,  1890. 
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Abt.  XV. — Classification  of  the  Glacial  Sediments  of 

Maine;  by  George  H.  Stone, 

'  This  paper  afisnmee  the  now  quite  generally  accepted  theory 
of  Torell  and  Hoist  as  to  sub-  and  mf  ra-glacial  matter,  i  e., 
that  the  till  of  New  England  consists  in  part  of  a  groimd 
moraine  and  partly  of  matter  that  was  distribated  through  the 
lower  portion  of  the  ice-sheet. 

Preliminary, — It  is  evident  that  every  glacier  is  to  a  con- 
siderable extent  bathed  in  its  own  waters  and  is  drained  by  a 
system  of  glacial  streams.  The  escaping  waters  continually 
carry  away  their  load  of  detritus.  The  largest  ice-sheet  must 
have  its  system  of  drainage  as  inevitably  as  an  ordinary  Alpine 
glacier  that  is  confined  to  a  single  drainage  basin,  llie  hypo- 
thesis that  a  given  region  was  covered  with  land  ice  must 
carry  the  burden  of  proving  that  there  was,  over  the  region  in 
question,  a  system  of  glacial  drainage.  The  presence  of  such 
a  system  furnishes  a  crucial  test  between  the  theories  of  land 
ice,  and  iceberffs  or  other  forms  of  floating  ice. 

Reasoning  from  the  analogies  of  the  Alpine  glaciers  com- 
pared with  what  is  known  oi  the  Greenland  ice-sheet,  I  infer 
that  near  the  front  or  lower  extremity  of  every  glacier  (margin 
of  a  body  of  confluent  glaciers  or  ice-sheet),  Uiere  is  a  wit 
where  the  ice  is  so  shattered  by  crevasses  that  the  melting 
waters  almost  immediately  escape  to  the  ground.  This  part  of 
the  glacier  is  almost  wholly  drained  by  sub-glacial  streams. 
Back  of  this  zone  is  another  where  the  drainage  is  chiefly 
effected  by  means  of  streams  which  flow  in  well  defined  chan- 
nels on  the  surface  of  the  ice,  but  at  the  last  reach  a  crevasse 
down  which  they  fall  and  escape  by  sub-glacial  tunnels.  Still 
farther  back  is  a  region  which  answers  to  the  snow  fields  of 
central  Greenland.  Here  the  melting  waters  of  summer  are 
diffused  through  the  unconsolidated  snow  of  the  preceding 
winter  and  slowly  seep  through  the  soft  slush,  but  have  not  a 
motion  sufficiently  rapid  to  cause  them  to  gather  into  streamB 
and  erode  well  defined  channels.  The  three  regions  just 
described  pass  one  into  the  other  by  degrees.  The  breadth  of 
these  respective  belts  I  infer  to  be  determined  chiefly  by  the 
rate  of  change  in  temperature  as  we  go  from  the  end  of  the 
glacier  backward.  The  slower  the  rate  of  change  in  temperir 
ture  the  broader  will  be  these  belts.  The  gentle  slopes  over  a 
large  part  of  New  England  would  tend  to  a  slow  rate  of 
change  in  temperature,  while  the  fact  that  these  slopes  were 
southward  would  cause  a  more  rapid  change,  since  it  would 
introduce  the  effect  of  latitude  on  temperature.  On  the  whole 
I  estimate  that  these  zones  were  pretty  broad  in  New  Eng- 
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land,  say  from  75  to  100  miles  for  each  of  the  two  outer  zones, 
^hile  northern  Maine  was  occupied  by  a  snow  field  or  only 
partially  consolidated  ice.  During  the  final  melting  of  the  ice 
these  zones  of  sub-glacial  and  superficial  streams  would  natu- 
rally advance  northward,  and  in  course  of  time  would  cover 
most  or  all  of  the  n6v6  area.* 

In  classifying  the  glacial  deposits  a  fundamental  question  is 
this :  What  is  the  dinerence  between  the  till  and  the  glacial 
sediments  ? 

1.  The  test  of  stratification.  One  test  proposed  is  that 
amorphous  or  pell-mell  drift  is  till  while  the  stratified  drift  is 
water  drift,  i.  e.,  the  sediments  of  glacial  waters.  This  test  is 
a  true  one  as  a  rule  but  not  always.  Thus  there  is  a  quasi 
stratification  of  the  clayey  till  of  the  lenticular  hills,  and  on 
the  other  hand  masses  of  gravel,  of  which  the  stones  are  well 
rounded  and  polished  by  water,  have  often  by  sliding  lost  their 
stratification  so  that  now  they  show  no  sign  of  intermittent 
sedimentation. 

2.  The  test  of  composition.  Unwashed  moraine  stuff  of  an 
ice-eheet,  whether  sub-  or  infra-glacial,  should  contain  frag- 
ments of  all  sizes  permissible  by  the  nature  of  the  rocka 
Practically  it  is  not  safe  to  affirm  of  any  till  that  it  is  abso- 
lutely unwashed,  though  a  till  composed  chiefly  of  clay  cannot 
have  lost  any  large  proportion  of  its  finest  matter.  No  ob- 
server can  fail  to  notice  that  the  terminal  moraines  of  either 
the  great  ice-sheet  or  those  of  the  local  White  Mountain  gla- 
ciers contain  much  less  of  fine  detritus  than  the  till  of  central 
and  northern  Maine.  Evidently  there  was  very  little  moraine- 
stuff  near  the  extremity  of  the  ice  sheet  which  was  not  more 
or  less  water-washed.  The  moraines  of  the  local  Androscoggin 
glacier  contain  much  less  fine  material  than  the  till  of  the 

*  The  above  stated  hypotheses  are  consisteot  with  the  opinion  of  Mr.  R.  Chal- 
mers of  the  Geological  Survey  of  Canada  that  from  the  highlands  south  of  the 
St.  X<awrence  River  in  Quebec  the  ice  flowed  north  and  eastward.  This  hypo- 
thesis would  make  the  valley  of  the  St  John  River  in  Maine  the  area  of  accumu- 
lation from  whence  glaciers  radiated  north,  east  and  south.  In  a  paper  on 
Glacial  Erosion  in  Maine  (published  in  the  Proceedings  of  the  Portland  Society  of 
N^atnral  History  in  1882),  I  dwelt  at  some  length  on  the  fact  that  the  •  glaciation 
of  Maine  is  less  intense  in  the  northern  part  of  the  State.  This  indicates  n^v4- 
Hke  conditions  prevailing  over  northern  Maine  for  a  large  part  of  the  glacial 
period.  This  conclusion  would  be  consistent  with  the  hypothesis  that  the  radiat- 
ing flow  discovered  by  Mr.  Chalmers  continued  throughout  the  whole  of  the 
glacial  age,  or  with  the  hypothesis  that  it  was  only  a  feature  of  the  last  days  of 
the  ice-sheet  For  even  if  we  suppose  with  Prof.  Dana  that  the  highlands  near 
Hudson^s  Bay  were  the  radiating  area  during  the  time  of  maximum  glaciation,  it 
is  as  yet  permissible  to  suppose  that  in  late  glacial  time  the  rising  Champlain  sea 
melted  its  way  up  the  valley  of  the  St  Lawrence,  thus  isolating  the  portion  of  the 
ice-sheet  lying  south  of  that  valley.  If  so,  the  ice  would  for  a  time  flow  north- 
ward from  the  water-shed  of  the  St  John  and  from  the  Notre  Dame  hills.  In 
other  words,  late  in  the  ice  age  northern  Maine  and  the  adjacent  territory  would 
for  a  time  be  the  area  of  accumulation  from  whence  the  ice-flow  radiatedi  no 
matter  what  may  have  been  the  earlier  history  of  the  region. 
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adjacent  country.  The  fact,  then,  that  the  finest  matter  hag 
been  washed  out  of  a  mass  of  glacial-drift  does  not  necessarily 
prove  that  it  is  not  true  moraine-stuff.  In  Maine,  the  till 
oeing  largely  derived  from  slates,  limestones  and  feldspathic 
rocks  naturally  contains  a  large  proportion  of  clay.  A  sandy 
till  is  here  almost  always  a  water-washed  till,  and  it  is  gen- 
erally easy,  by  a  comparison  of  a  suspected  deposit  with  the 
till  of  the  neighborhood,  to  determine  whether  tne  deposit  has 
been  modified  by  water  or  not.  Such  a  comparison  would  not 
be  so  easy  over  a  large  area  of  quartz  sandstone.  It  is  there- 
fore diflBcult  to  always  apply  the  test  of  composition  to  distin- 
guish till  from  glacial  sediments. 

3.  The  test  of  transportation.  According  to  this  test,  all 
matter  brought  to  its  final  position  by  ice  movements  would 
be  termed  till,  while  that  which  was  brought  to  its  final 
position  by  the  water  of  glaciers  would  receive  the  name 
glacial  sediments.  This  test  at  once  distinguishes  from  the  till 
all  the  sedimentary  clays  containing  drift  ooulders  and  some- 
times fossils  which  have  been  named  boulder  clays,  and  which 
have  often  been  confounded  with  the  true  morainal  till,— to 
the  great  detriment  of  glacial  science. 

The  first  and  second  of  the  above  mentioned  tests  leave  the 
kames  and  osars  in  the  same  class  with  terminal  moraines. 
On  the  whole,  the  test  of  transportation  is  the  best  single  test 
whereby  to  distinguish  the  till  from  the  glacial  sediments. 
Besides  the  three  tests  named,  there  are  several  others  which 
are  often  of  great  importance.  In  the  field  the  method  of 
transportation  of  a  given  mass  of  drift  has  to  be  determined 
by  its  structure,  its  composition,  the  shape  of  the  individual 
drift  fragments  and  their  markings,  the  shape  of  the  mass,  etc 

The  sediments  transported  by  the  waters  of  the  ice-sheet 
were  deposited  in  various  situations. 

1.  In  channels  bordered  on  both  sides  by  ice,  partly  in  sub- 
glacial  tunnels,  partly  in  channels  open  on  the  top  to  the 
air.  Such  channels  varied  in  breadth  from  a  few  feet  up  to  a 
mile  or  more.  They  were  often  locally  enlarged  so  as  to  form 
pools  or  lakes.  Sediments  dropped  in  them  now  form  two-sided 
ridges  or  plains. 

2.  In  channels  bordered  on  one  side  by  ice,  on  the  other  by 
the  land.  The  sediments  left  in  such  a  channel  now  form  a 
terrace  along  a  hill -side. 

3.  In  channels  bordered  for  most  of  their  length  by  ice, 
but  in  some  parts  of  their  courses  extending  across  a  whole 
valley.  The  rivers  that  flowed  in  such  channels  were  so  far 
confined  by  ice  walls  that  we  must  term  them  glacial  rivers, 
yet  for  a  few  miles  in  the  midst  of  their  courses,  they  were 
bordered  by  land  on  both  sides  like  ordinary  rivers. 
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front  of  the  ice,  {a)  in  the  sea,  (J)  in  lakes  on  the 
med  where  the  lana  sloped  toward  the  ice,  {c)  on  a 
Face  sloping  away  from  the  ice. 
ents  deposited  in  all  these  situations  are  to  be  found 

ames  below  given  to  the  different  kinds  of  glacial  sed- 
re  provisional.  The  deposits  are  classified  according 
size,  their  shape,  and  their  structure,  their  relations  to 
rms  of  glacial  sediments,  the  conditions  of  their  de- 

etc.  Two-sided  ridges  not  longer  than  about  two 
I  termed  kames,  longer  ridges  are  termed  osars.  Erosion 
.  e.,  portions  of  a  plain  of  sediment  which  have  been 
•idges  in  consequence  of  the  erosion  of  the  adjacent 

the  plain,  are  never  by  me  termed  either  kames  or 
he  latter  terms  are  here  applied  only  to  sediments 
Y  deposited  as  ridge8.t 

Classification. 

lated  kames. — These  are  found  in  all  parts  of  Maine, 
I  the  extreme  north,  which  region  I  have  not  explored, 
outh-western  part  of  the  drainage  basin  of  the  Saint 
3y  are  the  only  form  of  glacial  sediment  yet  found  by 
eported  by  others.  They  are  so  distant  from  other 
3diments  that  they  are  termed  isolated,  thereby  mean- 
so  far  as  known  they  are  the  only  sediment  deposited 
lacial  stream  which  formed  them.  They  may  consist 
gle  ridge  or  of  a  plexus  of  ridges  enclosing  kettle- 
rhey  plainly  consist  of  residual  matter,  i.  e.,  of  till 
ts  from  which  the  finer  detritus  has  been  removed  by 
water.  The  stones  are  more  or  less  water-worn,  often 
ch  rounded.  What  has  become  of  the  finer  matter  of 
!  It  has  disappeared  from  the  place  of  the  kame, 
ads  in  sand  or  gravel,  and  there  is  no  auxiliary  clay 
show  where  the  liner  matter  that  was  carried  away  by 
ial  stream  has  been  deposited.  When  kames  proper 
i  above  the  contour  of  about  230  feet,  they  usually 
be  north,  east  and  west  in  areas  of  unmodified  till,  and 
3S  also  on  the  south.  When  not  surrounded  by  a  till- 
country,  they  are  found  in  the  midst  of  the  alluvium 
^s,  but  there  is  no  traceable  connection  between  the 
ns  of  sediment.  The  valley  drift  in  these  cases  is  a 
losit  than  the  kame. 

•ermita  only  the  presentation  of  a  portion  of  the  outlines  of  the  sub- 
details  have  been  embodied  in  a  report  written  for  the  U.  S.  6eol(^- 
,  completed  June,  1888. 

re  assumed  to  be  not  a  matter  of  much  importance  whether  we  form 
after  the  Swedish  forms  Ose — Osar,  or  regard  the  words  to  be  thor- 
licized  and  term  them  Osar — Osars. 
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These  kames  are  heaps  or  ridges  of  sand,  gravel  and  coarser 
matter  piled  above  the  sarronnding  level,  usnallj  in  plaoeB 
where  no  ordinary  surface  stream  can  have  deposited  them. 
They  are  just  such  deposits  as  would  be  formed  in  chaimels 
between  ice  walls  by  waters  which  retained  sufficient  velocity 
to  carry  off  the  clay  and  finer  sand.  The  hypothesis  of  land 
ice  fully  accounts  for  the  confinement  of  streams  by  banien 
which  now  have  disappeared.  No  other  adequate  physical 
agent  than  land  ice  has  been  suggested. 

I  have  thus  far  not  been  able  to  find  ravines  of  erosion  in 
the  till  to  the  north  of  these  kames,  hence  there  is  no  direct 
evidence  that  a  sub-glacial  stream  flowed  from  the  north  to 
form  the  ridge.  A  better  interpretation  is  that  the  gravel  was 
deposited  in  the  enlarged  sub-glacial  channel  or  pool  that 
formed  at  the  foot  of  the  cascade  where  a  superficial  stream 
fell  down  a  crevasse.  They  can  also  be  accounted  for  aB 
having  been  deposited  in  deep  pools  in  the  bed  of  a  superficial 
stream.  It  is  not  necessary  to  assume  that  all  the  kames  were 
formed  in  the  same  manner. 

The  isolated  kames  vary  in  size,  and  many  of  them  are  only 
a  few  feet  wide  and  high.  They  appear  to  have  been 
deposited  by  small  glacial  streams  that  drained  only  a  limited 
area.  In  most  cases  they  were  probably  formed  during  the 
last  days  of  the  ice. 

2.  The  hill-aide  kames, — An  interesting  class  of  isolated 
kames.  They  are  found  on  the  south  slopes  of  rather  high 
hills  and  at  the  bottom  of  the  hills  they  often  expand  into  a 
plexus  of  reticulated  ridges,  and  sometimes  into  a  small  delta- 
plain.  In  this  plain  we  find  a  gradual  transition  from  coarser 
to  finer  sediment  as  we  go  southward.  This  proves  that  the 
glacial  stream  flowed  into  a  body  of  still  water  and  lost  its 
motion.  Such  a  deposit  is  in  this  paper  named  a  delta.  Some- 
times this  delta  seems  to  pass  by  degrees  into  the  valley  drift, 
which  proves  that  the  glacial  stream  flowed  out  from  the  front 
of  the  ice  into  a  valley  over  which  the  ice  had  already  melted. 
Such  is  by  me  termed  a  frontal  delta,  or  plain,  being  formed 
in  front  of  the  ice. 

The  hill-side  kames  are  found  above  the  contour  230  feet, 
in  the  hilly  country  lying  from  50  to  125  miles  from  the  coast 
They  are  quite  common  in  the  region  specified,  especially  in 
the  hill  country  of  western  Maine,  situated  south  of  the  An- 
droscoggin river.  They  vary  in  length  from  a  few  feet  up  to 
a  mile  or  two.  In  several  cases  ravmes  of  erosion  are  found 
in  the  till  to  the  north  of  the  kames.  Even  these  small  kame- 
streams  eroded  the  till  to  a  depth  or  twenty  or  thirty  feet  and 
to  a  breadth  of  100  or  even  200  feet.  The  eroded  matter  was 
swept  down  the  hill  and  helped  form  a  plexus  of  reticulated 
ridges  or  a  delta  near  the  base  of  the   nill.     In   some  eases 
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3  the  hill-side  kames  axe  large,  a  deep  sheet  of  till  lies  to 
lorth  of  the  ridges,  and  there  is  not  a  sign  of  an  erosion 
e.  We  thus  see  that  the  details  of  the  formation  of  these 
8  vary  greatly.  The  slopes  of  the  hills  on  which  they 
itnated  are  pretty  steep — usually  100  feet  or  more  per 
None  of  tnis  kind  of  kames  have  been  found  on  north 
s. 

Maine  almost  every  winter  there  are  small  ridges  of  earth 
ed  on  hillsides  within  the  channels  in  the  snow  and  ice, 
aced  by  the  melting  water  cutting  down  through  the  snow 
;he  soil.  These  small  ridges  are  in  several  respects  types 
le  hill  side  kames.  The  latter  are  found  in  places  where 
rdinary  stream  can  have  existed,  even  in  time  of  the 
est  floods.  The  glacial  origin  of  the  hill-side  kames  is 
made  certain.  Most  of  them  were  probably  deposited  in 
;lacial  channels  in  very  late  glacial  tima 
Kamee  ending  in  marine  deltas, — A  good  example  is 
d  in  Amherst.  Two  short  hillside  kames  converge 
her  at  the  base  of  the  hill  and  expand  into  a  plain  of 
3I  which  becomes  finer  and  more  nearly  horizontally  strat- 
as  we  go  south  and  southeast.  Within  about  one-fourth 
mile  the  gravel  passes  into  sand  and  this  into  clay.  This 
is  continuous  with  clay  containing  marine  fossils  within  a 
or  two  of  the  plain.  The  horizontal  transition  of  gravel 
sand  and  finally  into  the  marine  clay  leads  to  the  infer- 
that  the  glacial  streams  here  poured  into  the  sea  and  as 
waters  were  slowly  checked  they  dropped  their  burden  of 
aent  classified  horizontally  according  to  the  relative  veloc- 
of  the  currents.  There  are  many  otner  small  marine  deltas 
le  State  connected  at  their  northern  ends  with  either 
e  kame  ridges  or  with  a  plexus  of  reticulated  ridges, 
structure  of  the  marine  deltas  will  be  referred  to  agam.* 

le  hypotheflis  that  the  reticulated  kames  were  deposited  in  the  sea  was  first 
bed  by  Prol  N.  3.  Shaler  in  1885.  That  the  great  sand  and  gravel  plains 
rk  and  Oamberland  Counties  were  in  large  part  composed  of  matter  depos- 
»j  glacial  rivers  in  the  sea  was  determined  by  the  writer  indepeDdentlj 
\  June,  July  and  August,  1885,  while  in  the  employ  of  the  U.  S.  Geological 
^,  and  the  conclusion  was  set  forth  in  administrative  reports  of  that  time. 
ridges  of  gravel  are  formed  at  the  sides  of  swift  streams  entering  stiller 
was  discovered  by  me  at  the  dam  of  the  Penobscot  river,  at  the  foot  of  the 

Twin  Lake  in  1879,  and  was  at  once  utilized  in  explanation  of  certain 

extending  back  from  the  alluvial  plain  of  the  Androscoggin  River,  in  a 
>n  the  Androscoggin  glacier  in  the  American  Naturalist  But  I  did  not 
lidcover  the  application  of  the  principle  to  the  case  of  the  marine  deltas  of 
1  sediment.  I  have  since  discovered  a  fine  example  of  gravel  ridges  enclos- 
ketUe-hole  below  the  dam  of  the  Mattawamkeag  River,  at  Kingman.  No 
ho  examines  these- reticulated  ridges  below  the  Kingman  dam  can  have  a 

that  the  swift  sediment-laden  glacial  rivers  entering  the  sea  or  a  lake,  or 
1  pooMike  enlargement  of  a  river  channel,  could  form  ridges  enclosing  ket- 
les.     In  this  case  the  kettle-holes  represent  unfilled  space  around  which  the 

w^re  deposited.  In  other  words  it  is  not  necessary  in  the  case  of  the 
I  of  retioiUated  ridges  that  formed  at  the  land-ward  or  ice-ward  ends  of  the 
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4.  Kame%  ending  in  lacxistrine  deltas. — In  hundreds  of 
places  along  the  coast  of  Maine  the  writer  has  traced  the 
beaches  of  the  sea  np  to  a  certain  level  and  there  lost  them 
altogether.  The  highest  beach  that  I  can  find  is  at  an  elevft- 
tion  of  225  to  230  feet  in  the  Kennebec  region  and  220  to  225 
in  eastern  Maine.  Beaches  can  be  found  at  these  elevations 
on  every  hill  that  would  be  a  projecting  headland  when  the 
sea  stood  at  this  level.  Only  a  limited  amount  of  erosion  was 
performed  by  the  sea  while  it  stood  above  its  present  level 
No  terraces  of  erosion  were  made  in  the  solid  rocK  that  I  have 
been  able  to  recognize.  On  the  most  exposed  headlands  the 
till  was  eroded  and  the  glacial  strise  effaced  from  the  bared 
rock,  but  the  rocAes  moutonnees  remain.  A  few  miles  north- 
east of  Machias  on  the  south  slope  of  a  high  hill  a  deep  sheet 
of  till  shows  a  cliff  of  erosion  and  a  beach  at  about  225  feet 
The  cliff  is  now  much  fallen,  but  estimating  from  the  size  of 
the  beach-terrace  it  could  only  have  been  from  six  to  ten  feet 
high  and  the  erosion  did  not  in  some  places  reach  to  the  hot- 
torn  of  the  till.  This  occurred  on  a  slope  which  would  be 
exposed  to  the  full  force  of  the  Atlantic  at  that  time.  Above 
this  beach  the  hill  rises  two  or  three  hundred  feet  and  shows 
nothing  but  ordinary  unmodified  till.  For  these  and  many 
other  reasons  I  assign  the  highest  elevation  of  the  sea  on  the 
coast  of  Maine  that  occurred  in  late  glacial  or  in  post-glacial 
time  at  about  230  feet  above  the  present  sea  level.  During 
earlier  glacial  time  the  sea  may  for  a  time  have  stood  at  a 
higher  elevation 

The  deltas  deposited  in  glacial  lakes  are  situated  above  the 
contour  of  230  feet,  and  most  of  them  are  on  the  north  sides 
of  hills  where  during  the  melting  of  the  ice  a  lake  would  be 
confined  between  the  ice  on  the  north  and  the  hills  lying  to 
the  south.  These  deltas  present  the  same  horizontal  sorting  of 
sediments  as  the  marine  deltas,  except  that  they  do  not  pass 
by  degrees  into  fossiliferous  marine  clay  like  those  found 
below  230  feet. 

5.  Massive  kame-plains, — These  are  somewhat  rounded  or 
sometimes  rather  level  on  their  tops.  They  contain  no  kettle- 
holes  proper  though  the  surface  may  be  rolling  or  uneven. 
They  show  only  an  imperfect  and  irregular  assortment  of  sedi- 
ments from  coarse  on  one  side  to  fine  on  the  other.     They  end 

marine  deltas,  to  postulate  masses  of  ice  that  occupied  the  places  now  repre* 
sented  by  kettle-boles. 

lu  my  paper  on  the  kames  of  Maine,  read  before  the  Boston  Society  d  Natmal 
History  in  1880  I  recognized  that  the  plains  here  termed  marine  deltas  of  gladil 
sediment  were  marine  deposits,  but  I  supposed  they  were  composed  ol  ksoMi 
re-classified  by  the  sea.  This  was  based  on  an  exaggerated  estimate  of  the  efo* 
siye  action  of  the  sea.  As  soon  as  I  had  proved  that  the  sea  waves  of  the  epoch 
wrought  but  a  very  limited  amount  of  erosiou  it  became  evident  that  the  plain 
in  question  had  been  deposited  in  their  present  state  in  the  sea. 


I 


6?.  //.  Stone — GUieial  Sediments  of  Maine,  129 

)tly  in  gravel  or  sand,  and  the  marine  clay  which  usually 
ies  them  is  plainly  a  later  deposit,  not  contemporaneous, 
are  mostly  round  below  230  feet.  They  vary  much  in 
up  to  half  a  mile  in  breadth  and  two  or  three  miles  in 
h.  The  coarseness  of  the  sediment  proves  that  the  waters 
le  glacial  rivers  were  never  so  far  stopped  as  to  permit 

to  drop  the  finer  detritus,  as  would  have  happened  if  a 
il  stream  poured  into  an  open  body  of  water  of  the  size  of 
rhole  plain.  The  best  interpretation  of  the  facts  is  that  a 
il  stream  poured  into  a  pool  or  lake  within  the  ice.  This 
was  not  large  enough  to  stop  the  stream  sufficiently  to 
I  it  to  deposit  its  clay  but  did  check  the  current  somewhat 
to  make  it  drop  the  coarser  sediment.  Thus  it  happened 
the  central  part  of  the  pool  was  filled  with  sand  and 
jl  while  at  the  same  time  the  pool  enlarged  by  melting 
erosion  of  the  adjacent  ice.  Thus  after  a  time  the  real 
consisted  of  a  narrow  strip  of  water  situated  between  the 
al  bar  of  gravel  and  the  surrounding  ice.  In  this  narrow 
ge  the  velocity  of  the  water  was  not  sufficiently  lost  to 
it  the  deposition  of  the  finer  sand  and  the  clay,  nor  were 
arge  kettle-holes  made.  The  stratification  of  such  portions 
lese  broad  plains  as  I  have  been  able  to  examine  is  irregu- 
quaquaversal. 

the  northeastern  part  of  Monmouth  are  three  deposits 
consisting  of  two  elongated-semicircular  plains  of  coarse 
lent  separated  by  a  central  ravine.  The  plains  are  situ- 
on  hills  where  no  stream  can  have  existed  to  account  for 
tivines  by  ordinary  stream  erosion.  My  interpretation  is 
a  swift  glacial  river  flowed  into  one  side  of  a  lake  con- 
d  within  ice  walls  and  out  at  the  other  side  without  losing 
I  of  its  velocity.  The  ravines  mark  the  channel  of  the 
il  river,  while  the  lateral  gravel  plains  collected  in  the 
^ater  on  each  side  of  the  swift  current.  These  plains  are 
ourth  of  a  mile  in  diameter,  one  of  them  somewnat  more. 
e  thus  find  several  transition  forms  between  the  kame 
3r  and  the  complete  delta,  i.  e.,  the  plain  that  was  formed 
body  of  water  sufficiently  large,  as  compared  with  the  size 
e  glacial  river,  to  completely  check  the  flow  of  the  incom- 
<rater.  Some  of  these  intermediate  forms  perhaps  deserve 
jnition  in  our  classification. 

The  discontinuous  kame  systems,  —  These  consist  of 
sits  of  glacial  sediments,  arranged  in  linear  series,  and  sep- 
A  by  intervals  varying  in  length  from  a  few  feet  up  to 
or  three  miles.  When  mapped,  the  linear  arrangement  is 
obvious.  The  gravel  takes  the  form  of  domes,  cones  and 
t  ridges,  often  of  considerable  breadth  so  as  to  be  plain- 

These  massive  ridges  or  plains  are  found  here  and  there 
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in  the  midst  of  the  series,  and  most  of  the  systems  contain  in 
their  conrses  one  or  more  marine  deltas.  When  there  are 
more  than  one  delta  they  are  separated  by  intervals  of  several 
miles. 

It  should  be  caref  ally  noted  that  these  gravel  deposits  are 
separated  by  reaches  of  andistnrbed  till  and  marine  clav. 
This  proves  that  these  deposits  were  not  once  continnons  and 
they  have  not  become  discontinuous  by  recent  erosion  of  the 
intervening  parts.  In  short,  for  some  reason  a  glacial  stream 
here  deposited  its  sediments  at  intervals,  not  contmaously. 

Systematic  non-continuity  is  a  feature  of  the  glacial  gravels 
of  the  coast  region  of  Maine,  and  is  found  in  only  three  cases 
above  230  feet. 

All  of  the  longer  gravel  systems,  including  the  great  osars 
and  osar-plaius,  become  discontinuous  as  we  approach  the  ocean. 

The  general  law  is  that  as  we  go  south  from  the  contour  of 
230  feet  the  glacial  gravels  become  more  and  more  discontino- 
ous,  i.  e.,  the  intervals  become  longer,  the  gravel  deposits 
become  shorter  and  smaller.  Almost  all  the  systems  end  north 
of  the  present  shore,  and  but  a  few  feet  above  sea-level.  In 
Belfast  and  Penobscot  bays  several  gravel  systems  enter  the 
sea,  but  these  bays  extend  considerably  north  of  the  general 
line  of  the  coast.  The  above  remarks  apply  only  to  the  coon- 
try  east  of  Portland.  I  have  only  partially  explored  the  coast 
south  of  Cape  Elizabeth. 

The  elongated  cone  and  the  dome  are  the  prevailing  shapes 
of  the  smaller  masses  of  glacial  gravel  in  the  coast  region.  So 
characteristic  is  the  shape  that  they  may  well  be  termed  lentic 
ular  kames.   Their  stratification  is  often  somewhat  quaquavereal. 

Since  for  many  reasons  (more  fully  set  forth  in  my  report)* 
a  line  of  these  separated  kanies  is  considered  as  having  been 
formed  by  a  single  glacial  river,  they  are  classified  as  a  single 
system,  hence  a  discontinuous  system. 

The  cause  of  systematic  non-continuous  sedimentation  furn- 
ishes one  of  the  most  obscure  ]>roblems  connected  with  the 
glacial  sediments.  The  subject  is  discussed  at  length  in  mj 
report. 

The  maximum  develoi)ment  of  glacial  sediments  is  found 
near  the  contour  of  230  feet,  and  the  amount  diminishes  in 
opposite  directions  from  this  line.  This  fact  leads  to  several 
interesting  inft^rences,  but  lack  of  space  prevents  further  dis- 
cussion of  the  subject  at  present.  1  will  close  by  remarking 
that  it  will  yet  be  possible  by  a  study  of  the  terminal  moraines, 
the  glacial  marine  deltas,  etc.,  to  map  pretty  accurately  the 
general  outline  of  the  ice-front  as  the  ice  retreated  northward 
before  the  sea. 

7.  The  Oaara. — These  are  the  longer  two-sided  ridges.  Several 
of  them  are  more  than  100  miles  in  length.     Near  the  north 
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ds  of  the  longer  systems,  the  ridges  have  an  uneven  surface 
d  steep  lateral  slopes  like  sonfie  moraines.  The  material  is 
rely  water- worn.  It  is  till  with  the  finest  detritus  washed 
t  of  it,  and  the  stones  have  been  left,  but  little  changed  from 
3ir  till  shapes.  As  we  go  southward  the  stones  become  very 
ich  worn  and  rounded.  The  facts  are  only  to  be  accounted 
•  as  due  to  glacial  rivers  flowing  southward  in  narrow  chan- 
Is  bordered  by  ice  walls.  Rising  out  of  the  rather  level 
pons  of  central  and  eastern  Maine  to  a  height  of  20  to  150 
5t  above  the  adjacent  land,  these  longembankments  form  a 
narkable  geological  construction.  They  freely  pass  over 
Is  of  moderate  Height  from  one  drainage  basin  to  another 
d  they  cross  rivers  and  lakes.  The  ridges  are  seldom  con- 
UOU8  for  more  than  ten  miles,  because  they  are  usually  in- 
Tupted  near  the  tops  of  hills  crossed  by  the  systems,  also  on 
wn  or  southward  slopes  of  thirty  or  more  feet  per  mile, 
jre  there  appear  to  be  topographical  causes  for  such  swift 
rrents  as  would  sweep  the  ice-channels  clear  of  sediment. 

the  contour  of  230  feet  or  not  far  south  of  it,  they  become 
fularly  non-continuous,  even  when  traversing  quite  level 
lins  where  there  is  no  apparent  topographical  reason  for  the 
errnption.  At  first  the  unconnected  ridges  are  a  mile  or 
o  long  and  the  gaps  between  them  are  short.  By  degrees 
)  system  passes  into  a  series  of  lenticular  kames  separated 

intervals  many  times  as  long  as  the  kames  themselves  (up 
a  mile  or  more).  This  gradual  passage  of  a  nearly  continu- 
3  ridge  into  a  series  of  far-separated  heaps  furnishes  part  of 
5  argument  for  regarding  a  non-continuous  kame  system,  so- 
led, as  having  been  deposited  by  a  single  glacial  river,  but  a 
>rt  one.  If  it  had  extended  north  farther  into  the  interior, 
ontinuous  ridge  would  probably  have  been  formed  in  the 
rthern  portion  of  its  channel. 

Most  of  the  osars  expand  into  one  or  more  marine  deltas. 
hen  there  are  more  than  one,  they  are  situated  ten  to 
enty-five  miles  apart,  and  the  largest  one  is  in  most  cases, 
5  one  farthest  north  and  nearest  the  contour  of  230  feet, 
me  of  them  contain  ten  or  even  twenty  square  miles. 

Marine  deltas  of  glacial  sediments  are  of  at  least  two  well 
5ned  classes. 

I.  Fan-shaped  Deltas, — In  this  class,  as  we  pass  from  the 
a  where  the  reticulated  ridges  are  highest  and  enclose  the 
3pest  kettle-holes,  we  find  tlie  coarser  sediments  becoming 
er  in  all  directions  both  in  front  and  laterally.  Here  evi- 
itly  one  or  more  glacial  rivers  flowed  into  the  open  sea, 
lere  they  were  free  to  spread  outward  through  a  semicircle, 
►ing  outward  we  find  the  gravels  becoming  sands  and  the 
ids   become  finer   and  at  last  pass  into  me  marine  clays. 
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At  the  same  time  the  lateral  slopes  of  the  reticulated  ridges 
become  less  steep,  the  kettle-holes  shallower,  the  ridges  broader, 
and  thus  the  plexus  of  ridges  is  merged  in  a  rolling  plain 
which  becomes  more  and  more  even  until  it  is  a  level  plain  of 
nearly  horizontally  stratified  sand  and  at  last  clay.  Tne  posi- 
tion of  the  mouth  of  the  glacial  river  is  shown  by  the  karneor 
osar  extending  north  from  the  delta. 

2.  Narvoxc  Marine  Deltas, — In  shape  this  kind  of  delta  is  a 
long  plain  a  half  mile  or  less  in  breadth,  and  expanding  bat 
little  in  breadth  toward  the  south.  There  is  a  gradual  transi- 
tion from  coarser  to  finer  matter  as  we  go  southward  and  at 
last  the  sand  ends  on  the  south  in  the  manne  clay.  But  at  the 
sides  the  northern  portion  of  this  plain  usually  rises  abroptlj 
several  feet  above  ttie  adiacent  ground.  The  marine  clay  here 
overlies  the  sand  or  gravel  plain  which  consists  of  matter  much 
coarser  in  composition  than  itself,  proving  that  the  clay  is  a 
later  deposit  than  the  gravel  and  sand  plain.  My  interpreta- 
tion of  the  facts  is  that  these  deltas  were  formed  in  wide  chan- 
nels forming  bays  by  which  the  sea  extended  some  miles  back 
into  the  ice-sheet.  At  the  time  of  deposition  the  delta  was 
bordered  by  ice  on  each  side,  while  the  open  sea  lay  in  front. 
As  the  channel  or  bay  broadened  by  the  melting  of  the  ice. 
the  parts  adjacent  became  covered  by  clay,  derived  from  the 
glacial  stream  which  now  was  checked  in  tiie  recently  widened 
channel  at  a  point  farther  north  than  previously. 

The  transition  of  the  delta  sands  into  the  marine  fossiliferoBE^ 
clays  proves  that  the  latter  were  chiefly  composed  of  the  mud 
poured  into  the  sea  by  the  glacial  streams.  I  have  not  been 
able  to  find  fossils  in  tlie  clays  very  near  the  marine  deltas  and 
apparently  the  inflow  of  cold,  muddy,  fresh  water  exterminated 
marine  life  near  the  months  of  the  glacial  rivers.  The  small 
amount  of  erosion  accomplished  by  the  waves  of  the  sea  ie  i 
elsewhere  noted      Eroded   till  can  have  furnished   but  a  small    | 

1)roportion  of  the  great  sheets  of  silt  and  clay,  which  cover  a 
arge  part  of  Maine  up  to  230  feet.    Logically  the  marine  clays 
ought  almost  wholly  to  be  classed  among  the  glacial  sediments. 
But   the  clay  portions   of   the   marine   deltas  of   neighboring 
glacial  rivers  often  coalesce,  so  too  the  delta-clays  are  mixea 
with  some  clay  derived  from  till  eroded  by  the  waves.     Hence 
it  is  diflScult  to  map  the  delta-clays,  and  for  the  present  I  con- 
fine the  term  marine  deltas  to  the  coarser  sediments  (gravels  and 
sands)  spread  over  the  sea  bottom  by  the  glacial  streams.    Yet 
it  ought  distinctly  to  be  admitted  that  the  so-called  ChamplaiD 
days  of  Maine  are  almost  wholly  a  marine  off-shore  deposit  of 
Gletscher-milch,  such   as   must  be  forming  off  mach  of  the 
Greenland  coast  to-day. 
Ifc^  '8.  The  hroad  Osars  or  Osar-plains, — All  the  longer  gravel 
\%  of  Maine  take  the  form,  at  the  northern  ends,  of  the 


G,  H,  Stone — Olacial  Sediments  of  Maine.  133 

•y  osars  or  two-sided  ridges.  Going  south  from  five  to 
-five  miles  we  find  in  many  cases  the  ridges  liaving  rather 
ateral  slopes  expand  into  level-topped  plains  up  to  a 
Je  in  breadth.  These  plains  are  usually,  but  not  always, 
I  composition  than  the  narrow  ridges  of  which  they  are 
cnsion.  Measured  transversely  the  tops  of  these  plains 
rizontal,  but  measured  length-wise,  the  broad  osars  are 
to  go  up  and  over  hills  just  like  the  osars.  In  numer- 
stances  the  osar-plains  have .  been  deeply  eroded  by 
J  and  boiling  sprmgs.  A  common  type  of  erosion  is 
a  central  ridge  has  been  left  uneroded,  also  a  terrace  on 
de  of  the  original  plain.  Thus  two  valleys  have  been 
wxi  into  the  plain,  one  on  each  side  of  the  axial  ridge, 
intral  ridge  has  the  same  height  as  the  lateral  terraces, 
3times  it  is  higher.  The  material  of  the  ridge  is  coarser 
lat  of  the  rest  of  the  plain.  A  good  example  of  an 
osar-plain  is  found  in  the  towns  of  Woodstock,  Milton, 
imford,  on  the  line  of  the  great  gravel  system  that  ex- 
rom  the  upper  Androscoggin  Lakes  to  Portland.  Here 
•-plain  extended  across  the  whole  valley  of  a  stream 
;  northward  into  the  Androscoggin  River.  Its  average 
is  from  one-fourth  to  one-third  of  a  mile.  The  plain  is 
>eply  eroded  so  as  to  leave  an  alluvial  terrace  on  each 
the  valley  and  a  prominent  central  ridge  widely  known 
Whales-back.  A  great  glacial  river  here  flowed  from  the 
jcoggin  Valley  at  Rumford  Point,  southward  over  a 
at  North  Woodstock  more  than  a  hundred  feet  higher 
lumford.  The  osar-plain  is  composed  of  sand  near 
rd,  and  becomes  coarser  as  we  approach  the  divide  at 
Woodstock,  from  whence  the  glacial  stream  flowed 
he  valley  of  the  Little  Androscoggin  River, 
mode  of  formation  of  the  broad  osars  was  approxi- 
as  follows.  Firstly  a  ridge  of  gravel  was  deposited  in 
w  channel  between  ice  walls.  We  need  not  now  inquire 
r  this  was  a  sub-glacial  tunnel  or  a  superficial  channel 
wn  through  the  ice  to  the  ground.  By  degrees  this 
1  enlarged  laterally  by  the  melting  and  erosion  of  the 
;il  at  last  it  became  several,  sometimes  many  times  as 
18  the  original  channel.  It  is  very  common  to  find  the 
at  the  sides  of  the  osar-plain  much  less  water-worn  than 
•und  in  the  central  parts.  This  points  to  much  less 
water  action  when  the  stream  was  widest.  The  broad 
3ldom  if  ever  are  overlaid  with  bowlders  having  till- 
It  appears  incredible  there  should  be  a  sub-glacial 
1  a  half  mile  wide,  overarched  by  ice,  yet  the  sediment 
g  no  till  bowlders  fallen  from  the  roof.  Whatever  we 
i  the  narrow  glacial  rivers  as  to  their  being  sub-glacial 
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or  superficial,  I  regard  the  broad  chaoDels  as  having  been  open 
oc  the  top  to  the  air. 

Several  of  the  longer  osar-systema  change  to  the  form  of 
osar-plainB  for  a  diBtance  of  five  to  forty  milee,  and  then 
return  to  their  original  form  of  the  two-sided  ridge  with 
arched  cross-section.  Tims  tlie  two  developnieiits — narroir 
and  broad  osar — alternate  in  the  course  of  tne  same  gravel 
system.     The  topoeraphical  relations  of  the  two  are  the  same. 

Tlie  diagnosis  of  the  osar-plain  has  come  stowlj  to  me.  In 
the  earUer  years  of  my  exploration  all  alluvium  found  in  the 
bottom  of  valleys  was  at  once  classified  as  valley  drift,  and 
was  supposed  to  have  no  direct  bearing  on  the  question  of  the 
glacial  sediments.  It  was  almost  shocking  to  begio  to  suspect 
that  t!ie  credentials  of  the  valley  drift  had  not  all  been  written 
out,  so  great  is  our  veneration  for  geological  terms.  The 
object  of  this  paper  is  not  to  deal  with  original  data.  But  the 
osar-plains  are  so  important  a  class  of  glacial  sediments  that  it 
may  be  well  to  depart  from  the  rule  and  give  a  brief  descrip- 
tion of  a  concrete  sam])le. 

A  nearly  continnoue  osar  begins  in  the  vicinity  of  the 
Scbois  lakes  and  passes  south  and  eastward  past  Patten  to 
Sherman,  where  for  a  time  the  gravel  nearly  disappears  on  the 
top  of  the  divide  between  a  stream  flowing  northward  into  the 
Mattawamkeag  River,  at  Island  Falls,  and  the  Molnnkn^ 
stream  which  Hows  nearly  south  into  tlie  Mattawamkeag  il 
Kingman.  The  proof  is  positive  that  a  large  glacial  river 
Unwed  from  the  north  to  the  head  of  the  Molunkus  vallev. 
Naturally  this  river  ought  to  have  flowed  down  the  vaiiej. 
For  ten  miles  below  Sheruiau  we  find  the  Molunkus  bordered 
by  a  low  plain  of  sand  and  fine  gravel.  This  plain  extend* 
across  the  bottom  of  the  valley  from  liill  to  hill,  just  like  a 
sheet  of  oi-dinaiy  river  alluvium.  We  shall  notice,  however, 
that  the  stones  of  the  gravel  are  more  worn  and  rounded  tlim 
is  common  in  the  beds  of  Maine  streams  except  among  the 
mountains  where  there  is  a  fall  of  seventy-five  feet  per  mile  or 
more.  As  we  tramp  this  plain  for  about  ten  miles  the  appear- 
ance of  the  deposit  remains  like  valley  drift  and  probably  we 
shall  become  more  and  more  convinced  that  it  is  valley  drift 
and  nothing  more.  Then  we  shall  find  our  gravel  plain  going 
obliquely  up  out  of  the  bottom  of  the  valley  and  for  the  neit 
ten  miles  taking  the  form  of  a  terrace  up  to  one-fourth  of  i 
niil(3  wide,  situated  on  the  east  side  of  the  river  at  a  height  of 
fifty  to  seventy-five  feet  above  it.  This  gravel  terrace  is  on 
the  average  at  least  one-fourth  of  a  mile  from  the  river. 
jFrom  the  point  where  the  gravel  plain  leaves  the  river  and 

fon  to  the  hillsides  there  is  no  gravel  along  the  Molnn- 
the  way  to   Xingmaii,  only  silt.     Nor  is  there  any 
t  terrace  oa  the  west  side  of  the  river  corresponding  to 
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this  on  the  east  side.  At  Macwawhoc  our  gravel  terrace 
becomes  a  two-sided  plain  and  soon  expands  into  a  plexus  of 
reticulated  ridges  enclosing  kettle-holes.  The  ridges  here  are 
composed  of  very  round  cobbles  and  bowlderets.  Approaching 
Ejngman  the  gravel  plain  narrows  to  a  two-sided  ridge  of  sand. 
It  thus  becomes  certain  that  the  sand  and  gravel  situated  on 
the  east  side  of  the  Molunkus  stream  for  the  lower  twenty 
miles  of  its  course  could  not  have  been  deposited  by  any  ordi- 
nary stream  and  is  of  glacial  origin.  The  argument  now 
stands  as  follows :  A  large  river  flowed  in  an  ice  channel  from 
the  north  to  the  head  of  the  Molunkus  valley.  It  is  also 
proved  that  a  glacial  river  flowed  through  the  lower  part  of 
this  valley.  Such  a  stream  cannot  appear  or  disappear  sud- 
denly by  accident.  The  stream  in  the  lower  twenty  miles  of 
the  valley  must  have  been  the  same  that  flowed  to  the  head  of 
the  valley.     But  in  the  upper  ten  miles  the  only  gravel  is  that 

?lain  in  the  bottom  of  the  valley  looking  like  valley  drift 
'he  shape  of  the  gravel  stones  is  now  explained  and  we  see 
why  the  alluvium  of  the  valley  changes  when  the  osar-plain 
raes  up  on  to  the  hills.  The  alluvial  plain  of  the  Molunkus 
For  the  ten  miles  below  Sherman  is  not  valley  drift  but  an 
oear-plain  happetung  to  occupy  the  bottom  of  a  valley. 

It  may  be  added  that  this  gravel  system  extends  from  King- 
man near  eighty  miles  southward  to  Columbia.  We  are 
considering  a  very  long  and  large  glacial  river. 

From  this  and  numerous  other  examples  it  can  be  confi- 
dently affirmed  that  osar  plains  are  often  found  extending 
Across  the  bottoms  of  valleys  like  river  alluvium.  There  are 
in  Maine  special  facilities  forproving  these  plains  to  be  of  gla- 
cial not  fluviatile  origin.  Tlius  the  courses  of  the  longer 
dsars  and  osar-plains  lead  most  of  them  across  several  valleys 
of  natural  drainage.  It  can  thus  be  easily  proved  that  there 
18  a  great  change  in  the  character  of  the  alluvium  of  these  val- 
leys at  the  points  where  the  gravel  systems  enter  or  leave  the 
valleya  The  shapes  of  the  gravel  stones  and  various  other 
phenomena  also  furnish  tests,  but  it  requires  a  considerable 
study  of  the  till,  the  glacial  gravels,  and  the  valley  drift  of  a 
region  to  safely  apply  these  tests.  In  long  north  and  south 
valleys,  like  that  of  the  Connecticut,  where  the  course  of  the 
glacial  nearly  coincided  with  that  of  the  post-glacial  river,  some 
of  these  tests  cannot  be  applied,  and  it  will  be  much  more 
difficult  to  distinguish  osar-plains  from  valley  drift  than  it  is 
LD  Maine. 

The  osar-plains  I  esteem  of  more  geological  significance 
than  perhaps  any  other  form  of  glacial  sediments  because  of 
the  light  they  throw  on  the  mystery  of  the  valley  drift. 

It  is  not  probable  that  the  narrow  channels  of  the  osars 
broadened  to  those  of  the  osar-plains  by  lateral  erosion  and 
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melting  that  proceeded  at  an  e<nial  rate  througliont  tbi 
length  of  a  long  glacial  river.  This  broadening  niUE 
have  been  recessive,  i.e.,  graihialiy  extendiug  nortlnvt 
eu,  the  br'iad  |)lain  that  was  deposited  in  this  newly  \ 
channel  was,  with  reBjieet  to  the  glacial  river  which 
north  fltill  Howcd  in  a  narrow  channel,  a  frontal  plain. 

On  the  north  side  of  hills  crosBed  by  the  channels  of 
cial  rivers  there  was  a  reach  of  water  rising  to  the  tof 
hill  lying  to  the  south  which  was  in  equi'.iuriuni.  Tin 
in  fact  formed  a  series  of  dams  or  lakes  in  the  coui-set 
rivei-s.  The  setlinients  deposited  in  these  reaches  of 
dead  water  were  very  characteristic  and  the  phenom 
found  almost  everywhere.  The  traces  of  these  dams  a 
obvious  iu  the  osar-plains  than  in  the  narrow  osars. 

What  are  elsewhere  termed  narrow  marine  deltas  ai 
bave  been  deposited  in  chnmiels  of  the  ice  which,  if  al 
level,  would  contain  osar-plains.  Though  narrow  ; 
pared  with  the  fan-shape<i  <lelta  yet  these  channels  wt 
hroiid  as  comi>ared  with  the  kanie  and  osar-chaimt 
other  words  an  osar-plain  deixjsited  beneath  the  sea 
the  narrow  marine  delta. 

9.  I'/'e  reti'inhtteii  Jcamen. — As  l)efoi"e  stated,  a  pi 
reticulated  ridges  enclosing  kettle-holes  is  found  at  tl 
ward  end  of  the  marine  and  lacustrine  deltas.  80 
reticulated  ridges  might  be  considered  merely  as  a  fes 
tlie  deltas  and  not  deserving  classification  as  a  distinct  J 
deposit,  lint  reticulated  ridges  are  found  nnconocct 
deltas  or  only  very  remotely.  Ilenee  I  consider  tbein  a 
well  entitled  to  bo  recognized  as  a  pecniiar  type  of  sedime 

The  plains  of  reticulated  kame^  are  mostly  found 
liroader  valleys  and  rather  level  regions  situated  bctw 
and  fiOO  feet  above  present  sea-level.  They  are  most 
ant  where  the  local  rocks  are  granite,  though  not  abse 
the  slate  areas.  They  are  especially  large  and  nnmcrot 
Eouthwesteni  part  of  the  State.  Here  they  may  he  fo 
and  even  twenty  miles  in  length  .and  from  one-half  a 
to  three  or  four  miles  in  width.  All  degrees  of  con 
are  rcjjresented,  from  the  great  plains  just  mentioned  c 
the  simple  case  of  a  ridge  forking  into  two  brancbe 
after  a  time  come  together  again  and  thus  enclose 
The  plains  consist  of  a  jumlile  of  every  possible  kind  ■ 
and  heap,  enclosing  all  fonns  and  sizes  of  hollows,  from 
sions  a  foot  in  depth  np  to  lake  liasins,  which  often  ] 
viable  outlets. 

And  not  only  do  we  lind  ordinary  narrow  kanie  ridj 
nected  hy  cross  ridges,  after  the  manner  of  the  usual  p 
reticulated  ridges,  lint  there  are  bri)ad  plains  or  series  o 
lated  kames   which   anastomose  nver   large  areas  and 
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^  several  or  many  miles  in  diameter.  Thas  in  that  part  of 
le  west  of  Sebago  Lake  and  south  of  the  Androscoggin 
T,  all  the  larger  gravel  systems  are  connected  with  each 
r,  not  only  at  the  great  marine  deltas  (the  deltas  of  the 
al  rivers  are  here  so  large  that  those  of  adjacent  rivers 
jsced)  but  above  the  contour  of  230  feet  we  find  each 
el  series  connected  with  the  rest  by  lateral  series.  The 
;  remarkable  of  these  reticulations  of  the  plains  themselves 
'ound  in  the  towns  of  Fryeburg,  Brownneld,  Porter,  Hi- 
Cornish,  Parsonsfield  and  Newfield.  The  country  is  very 
.  The  principal  streams  of  the  region,  the  Great  and 
e  Ossipee  Rivers,  flow  in  east  and  west  valleys,  while  their 
al  tributaries  occupy  a  series  of  north  and  south  valleys. 
T  series  of  gravel  plains,  each  from  onensixteenth  to  three- 
bhs  of  a  mile  wide,  traverse  this  region  along  the  north 
south  valleys,  thereby  crossing  all  the  east  and  west  valleys. 

course  leads  them  in  several  places  up  and  over  hills  more 

200  feet  high,  measured  on  their  northern  sides,  and  in 
3ase  over  a  hill  about  400  feet  high.  Every  few  miles  the 
h  and  south  series  are  connected  by  transverse  gravel  plains 
tmilar  character.  Most  of  these  lie  in  the  east  and  west 
jys,  but  part  of  them  go  over  hills.     The  complexity  of  the 

reticulations  can  only  be  appreciated  by  inspection  of  the 
The  gravel  plains  in  question  take  the  form  of  osar 
18  alternating  with  reaches  of  plains  composed  of  reticu- 
l  kames.  In  three  places  they  are  connected  with  the 
fc  kame-plains  mapped  by  Mr.  Warren  Upham  as  extend- 
in  New  Hampshire  from  Conway  southward, 
y  paper  on  the  kames  of  Maine  read  before  the  Boston 
Bty  of  Natural  History  in  1880  made  it  certain  that  the 
er  gravel  systems  of  Maine  often  have  branches  converg- 
X)ward  the  south  like  tributaries  of  the  ordinary  rivers  that 

southward.  It  is  now  certain  that  many  osars  and  osar- 
\&  divide  into  branches  which  diverge  toward  the  south, 

the  delta  branches  of  rivers.  This  does  not  refer  to 
ches  which  presently  came  together  again  (the  phenom- 
.  of  the  reticulated  kamesj  but  to  branches  that  diverge  for 

distances  and  some  of  tnem  end  in  marine  deltas  ten  or 
3  miles  apart.  In  these  cases  the  branches  do  not  come  to- 
er  at  any  place  after  divergence.  This  can  be  accounted 
n  different  ways. 

It  is  probable  that  in  case  of  some  of  the  diverging  or 
L  branches,  the  rivers  which  deposited  the  diverging  lines 
ravels  flowed  simultaneously  in  both  the  channels  like  the 
L  branches  of  the  Mississippi. 

In  some  places  one  of  tne  lines  of  diverging  gravels  is 
id  following  a  slope  of  natural  drainage,  while  the  other 

over  hills  at  a  higher  level.     Such  for  instance  are  the 
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diverging  oears  and  osar- plains  found  at  North  Waterford,  also 
at  the  southeast  angle  of  Hogback  mountain  in  Montville,  and 
in  the  valley  of  Break-neck  brook  in  the  northeastem  part  of 
Baldwin.  In  these  and  other  similar  cases  the  most  probable 
interpretation  is  that  the  glacial  river  for  some  reason  changed 
its  course,  so  that  the  two  lines  of  gravels  were  not  formed 
simultaneously.  Probably  the  channel  first  in  use  was  the  one 
leading  over  the  higher  ground.  When  the  lower  channel  was 
opened  the  old  one  over  the  hills  would  gradually  be  aban- 
doned. Yet  the  ice  conditions  were  so  far  independent  of  the 
shape  of  the  ground  that  it  will  be  unsafe  to  affirm  that  the 
most  favorable  land-slope  would  in  all  cases  be  the  most  favor- 
able route  for  a  glacial  river. 

We  may  have,  then,  in  the  course  of  a  single  long  gravd 
system,  the  glacial  sediment  taking  the  form  of  the  osar,  the 
osar-plain,  and  the  plain  of  reticulated  kames,  also  the  marine 
and  lake  deltas.  All  are  the  work  of  the  same  glacial  river 
acting  under  different  local  conditions.  While  it  is  impossible 
to  treat  of  the  more  purely  theoretical  questions  in  a  single 
paper,  yet  a  few  words  as  to  the  relations  of  these  different  de- 
posits and  their  probable  origin  will  be  added. 

The  first  trace  we  have  of  the  long  glacial  river  is  that  it 
deposited  the  osar.  This  proves  that  it  flowed  in  a  rather 
narrow  channel — about  300  leet  or  less  in  width.  All  the  facts 
in  Maine,  as  well  as  those  observed  by  Prof.  Dana  in  the  Con- 
necticut valley,  point  to  a  larger  and  larger  flow  of  water  as  we 
near  the  end  of  the  ice  period.  This  enlarging  glacial  river 
gradually  broadened  its  channel,  partly  by  melting  of  the  ice 
at  the  sides,  and  partly  by  erosion.  If  the  enlargement  of  the 
channel  took  place  fast  enough  to  afford  passage  for  the  waters, 
a  broad  channel  was  formed  in  which  the  level-topped  broad 
osars  were  dejK)sited  But  on  long,  steep  down  slopes,  espe- 
cially in  the  granitic  regions  where  the  englacial  till  was  very 
abundant,  vast  quantities  of  sediment  were  swept  down  the 
slopes  into  the  valleys  and  plains.  The  glacial  channels  iu  the 
valleys  were  rapidly  filled  with  sediment.  This,  together  with 
the  great  increase  in  the  flow  of  the  waters,  forced  the  glacial 
rivers  to  form  new  channels.  In  other  words,  since  the  con- 
ditions were  those  of  extraordinary  sedimentation,  there  wis 
not  time  to  enlarge  a  single  cliannel  so  as  to  carry  off  the 
waters,  ])Ut  large  numbers  of  narrow  channels  were  formed, 
connected  at  frequent  intervals  one  with  another  by  transverse 
channels.  In  these  reticulating  channels  the  reticulated  kames 
were  deposited.  It  should  be  noted  that  these  remarks  apply 
onlv  to  the  reticulated  kames  not  closelv  connected  with  marine 
or  lacustrine  deltas.  No  doubt  the  two  classes  of  ridges  are 
often  iutimatelv  mixed. 
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According  to  the  above  stated  hypothesis  the  reticulated 
unefi  neither  connected  with  the  deltas  nor  with  those  local 
ains  that  were  deposited  in  small  lakes  or  pools  where  the 
acial  streams  were  partly  stopped,  were  formed  in  channels 
ithin  the  ice,  while  in  the  delta  plexus  the  reticulated  ridges 
ere  foimed  in  front  of  the  ice,  so  that  the  gravel  collected 
the  stiller  water  at  the  sides  of  the  swift  current. 
It  is  probable  that  a  large  part  but  not  all  the  reticulating 
^-channels  were  sub-glacial. 

Some  additional  considerations  relating  to  the  origin  of  the 
ticulated  ridges  are  the  following : 

1.  In  the  case  of  the  deposits  here  termed  deltas,  we  have  a 
udual  change  of  sediments  from  coarser  to  finer.  This  is 
"Oof  of  a  gradual  slowing  of  swift  waters,  such  as  must  hap- 
m  when  a  rapid  stream  flows  into  a  large  body  of  rather  still 
&ter.  But  in  the  case  of  the  plains  of  reticulated  ridges 
und  above  230  feet,  we  can  follow  them  for  several  or  many 
iles  and  find  but  very  little  sign  of  horizontal  assortment  of 
diments.  The  largest  deltas  below  280  feet  show  a  decided 
lange  in  fineness  within  two  or  three  miles. 

2.  W^herever  we  find  the  horizontal  gradation  from  coarser 
finer  sediment,  we  also  find  in  going  in  the  same  direction 

e  ridges  growing  broader  (somewhat  in  fan-shape)  and  the 
teral  slopes  more  gentle  till  the  ridges  coalesce  m  a  rolling 
ain.  But  many  of  the  osars  fork  into  two  or  more  branches 
bich  continue  of  nearly  uniform  size  for  two  or  three  miles 
1  they  unite  again. 

3.  Take  the  case  last  cited  of  long  diverging  branches  en- 
>8ing  a  space  one-fourth  mile  wide.  If  tne  space  between 
e  branches  was  open  water,  how  can  we  account  for  the  pro- 
pous  size  and  swiftness  of  the  stream  which  swept  so  wide 
d  long  a  space  clear  of  sediments  and  left  a  ridge  on  each 
ie  of  it,  yet  permitted  the  deposit  of  a  single  ridge  both  to 
e  north  and  south  of  the  double-ridge?  In* such  a  case  it 
ems  to  me  impossible  that  the  space  enclosed  between  the 
iges  was  kept  clear  of  sediment  by  flowing  water.  The  ar- 
iment  seems  to  be  overwhelming  tnat  it  was  occupied  by  ice. 
There  seems  to  be  no  other  way  to  account  for  all  the  facts 
cept  on  the  hypothesis  that  there  were  two  classes  of  reticu- 
bed  ridges,  one  formed  in  branching  ice-channels,  the  other 

open  water  where  swift  streams  flowed  into  it. 

10.  Oear  Border-days. — In  several  places  a  kame  or  osar 

bordered  on  each  side  by  a  plain  oi  grayish  clay  which  in 
me  cases  rises  in  a  steep  bank  above  the  adjoining  ground  in 
aces  where  we  can  admit  no  recent  erosion  sufficient  to 
coant  for  such  a  terrace.  So,  too,  such  clay  plains  are 
und   going  over  hills  where  no  surface  stream   can   have 
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flowed,  not  even  the  swollen  rivers  of  the  valley  drift  epoch. 
These  conditions  prove  that  the  clay  was  deposited  in  a  channel 
between    ice   walls.      The   central   gravel   ridge   proves  that 
originally  a  glacial  stream  flowed  m  a  narrow  channel  and 
deposited  a  kame  or  osar.     Later  the  channel  broadened  so  as 
to  become  an  eighth  of  a  mile  wide  or  somewhat  wider.    The 
border-clays  were  deposited  in  channels  resembling  those  of 
the  osar-piains,  but  they  all  belong  to  the  shorter  gravel  svft- 
terns.    In  the  case  of  the  longer  glacial  rivers  the  flow  of  water 
was  moderately  swift,  so  that  a  plain  of  sand  and  gravel  was 
laid  down  in  the  broad  channel.     When  the  supply  of  water 
was  small  the  flow  became  so  slow  in  the  broad  cnannels  that 
the  finer  sediment  was  dropped.     This  clay  flanks  and  overlies 
the  sides  of  the  central  riage,  or  in  some  cases  appears  to  pass 
into  by  degrees  and  to  stand  at  the  same  level. 

As  there  are  some  advantages  in  confining  the  names  kame 
and  osar  to  ridges  of  the  coarser  sediments,  I  give  this  bordering 
clay  a  special  name,  though  in  fact  it  is  genetically  a  broao- 
channel  deposit  like  the  osar-plains.  In  both,  the  central  part 
of  the  plain  is  coarser  than  the  material  at  the  sides. 

In  Madison  and  Anson  a  plain  of  the  border-clay  is  strewn 
with  quite  a  number  of  bowlders  up  to  six  feet  in  diameter,  or 
somewhat  more.  These  bowlders  snow  no  sign  of  water-polish 
on  their  surfaces  and  have  the  till-shape.  But  there  is  no 
sheet  of  till  overlying  the  clay,  only  these  occasional  erratics. 
They  were  probably  dropped  from  small  bergs  or  ice-floes 
floating  on  the  glacial  stream. 

11.  FronUd  Plains. — These  are  plains  of  sediment  brought 
by  glacial  streams  down  to  the  extremity  of  the  glacier  and 
then  spread  sul)-aerially  over  the  land  in  front  of  the  ice. 
The  sediment  extends  across  the  bottom  of  the  valleys  in 
which  it  is  found,  and  thus  with  respect  to  these  valleys,  is  a 
form  of  valley  drift.  In  Maine  the  frontal  plains  or  deltas  are 
found  in  valleys  having  a  southward  slope  and  at  an  elevation 
of  more  than  230  feet.  They  form  the  southern  terminations  of 
rather  short  osars.  The  osar  ridge  widens  as  we  go  southward 
and  soon  expands  into  a  plain  that  extends  across  the  whole 
valley.  The  stones  are  very  much  water-worn,  and  thus  have 
the  shapes  found  in  the  glacial  gravels  but  not  in  the  beds  of 
streams,  except  the  very  steej)  mountain  streams.  Within  a 
few  miles  we  pass  beyond  the  gravel  and  coarse  sand  and  find 
the  valley  covered  with  a  deep  sheet  of  silt  and  clay.  These 
so-called  frontal  plains  are  found  in  only  a  few  places  in  Maine 
and  are  situated  sixty  or  more  miles  back  from  the  coast 
They  must  have  been  formed  late  in  the  ice  age  when  the  ice 
had  melted  over  the  coast  region.  Both  the  frontal  plains  and 
the  marine  and  also  the  lacustrine  deltas,  were  deposited  in 
front  of  the  ice,  but  under  different  circumstances. 
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Mitch  of  the  80  called  Valley  Drift, — The  deposits  hereto- 
bribed  are  so  unmistakably  of  glacial  origin  that  I  antici- 
difference  of  opinion  on  this  point  among  those  who  study 
A  in  the  field.  We  now  approach  a  class  of  sediments 
ing  which  the  interpretation  is  more  doubtful,  and 
y  more  facts  may  be  needed  before  we  solve  the 
1  in  its  details.  It  is  but  justice  to  add  that  my  con- 
\  have  been  very  slowly  formed  and  even  yet  are  in 
itative. 

re  was  the  material  derived  from  that  forms  the  thick 
3f  alluvium  which  cover  the  bottoms  of  most  of  the 
ralleys  of  New  England  ? 

is  sediment  was  derived  from  post-glacial  erosion  of  the 
if  the  deposition  of  the  alluvium  took  place  after  all  the 

melted,  we  ought  now  to  find  the  marks  of  this  erosion, 
nee  the  alluvium  was  deposited  in  the  larger  valleys, 
sion  must  have  taken  place  in  the  steeper  lateral  valleys 

the  higher  hill-slopes.  Ravines  of  erosion  in  the  till 
to  abound  on  all  the  highlands,  and  their  aggregate 
\  ought  to  be  very  great  in  order  to  account  for' so  large 
r  as   the  valley  drift.     Now  there  are  multitudes   of 

of  erosion  on  the  hill-sides  and  in  the  upland  valleys, 
3y  are  mostly  small.  Each  year  it  has  appeared  more 
ore  improbable  that  the  existing  ravines  represent  the 
>sion  required  by  the  hypothesis  that  the  valley  drift  is 
post-glacial  erosion  of  the  till.  Nor  do  I  see  any  proof 
obliteration  of  ravines  such  as  must  have  been  formed. 

it  admissible  to  postulate,  in  so  hilly  and  uneven  a 

J  as  Maine,  any  great  diffused  or  general  ablation  from 

ole  surface  of  the  till,  taking  place  after  the  ice  had  all 

The  contour  of  the   surface   is  such   that  surface 

necessarily  gather  into  rills  and  these  into  larger 
J,  thus  largely  localizing  the  erosion  in  ravines 
he  valley  drift  is  chiefly  composed  of  the  finer  parts  of 
.  If  this  fine  detritus  was  washed  out  of  the  till  after 
al  melting  of  the  ice  and  deposition  of  the  till  in  its 
>sition,  we  ought  now  to  find  m  the  upland  valleys  and 
\  great  masses  of  residual  gravels  composed  of  the  coarser 
of  the  till  left  after  the  removal  of  the  finer  matter  to 
he  valley  drift.  No  such  extensive  bodies  of  coarse 
1  matter  are  found  in  such  positions  as  ought  to  occupy 
T\  this  hypothesis. 

problem  resolves  itself  into  this :  How  can  we  account 
ery  great  erosion  of  the  finer  matter  of  the  till,  yet  so 
d  over  the  surface  as  not  to  leave  very  large  erosion 
\  and  masses  of  residual  gravels  ? 

subject  is  too  complex  to  properly  present  within  the 
of  a  single  article.     The  outlines  are  as  follows : 
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1.  The  phenomena  of  the  osar-plainfi  prove  that  not  infre- 
qnently  broad  channels  existed  within  the  ice  np  to  a  half 
mile  or  more  in  width.  Within  these  channels  great  rivers 
deposited  plains  of  nearly  horizontally  stratified  gravel  and 
sand.     These  are  purely  glacial  sediments. 

2.  In  numerous  instances  these  broad  channels  extended 
across  the  valleys  in  which  they  were  situated.  In  suckcaeeB 
the  plains  of  glacial  sediment  cover  the  whole  bottom  of  the 
valley  from  one  side   to   the  other.     They  thus   occupy  the 

f position  natural  to  fluviatile  drift  and  are  indistinguisnable 
rom  it  except  by  tests  involving  the  study  of  many  facts.    The 
osar  border-clay  is  a  collateral  phenomenon  of  the  same  class. 

8.  In  like  manner  osars  of  unmistakably  glacial  origin 
expand  into  plains  that  soon  extend  across  their  valleys  after  the 
manner  of  valley  drift.     These  are  the  frontal  deltas  or  plains. 

4.  In  general  the  alluvium  of  valleys  parallel  with  the  direc- 
tion of  ice  flow  is  considerably  coarser  in  composition  than  that 
of  valleys  transverse  to  this  direction,  and  the  stones  are  much 
more  water  worn. 

5.  Tlie  larger  of  the  present  rivers  poured  great  quantities 
of  sediment  into  the  sea  while  it  stood  at  the  contour  of  230 
feet  or  thereabout.  This  apparently  was  cotemporaneons 
with  the  first  flow  of  the  rivers  in  their  present  valleys,  after 
the  ice  had  become  so  far  melted  as  to  permit  them.  The 
coarser  fluviatile  sediments  at  that  time  brought  into  the  sea 
are  now  found  in  the  form  of  broad  sheets  of  sand  which 
extend  twentv  or  more  miles  south  of  the  contour  of  230  feet 
These  fluviatile  sands  may  be  termed  fluviatile  deltas  to  dis- 
tinguish them  from  the  off  shore  deposits  of  the  glacial  rivers. 
All  of  them  end  before  reaching  the  present  shore  unless  the 
delta  of  the  Androscoggin  be  an  exception.  For  example,  the 
Kennebec  River  of  valley  drift  time  poured  into  the  sea  in  or 
near  Madison  and  the  fluviatile  delta-sands  of  that  time  form  a 
sheet  one  or  more  miles  in  width,  which  overlie  the  marine 
fossiliferous  clays  and  extend  as  far  south  as  Waterville.  If 
during  the  retreat  of  the  sea  to  its  present  level  the  Kennebec 
had  continued  to  pour  as  large  qnautities  of  sand  into  the  sea  as 
it  did  while  its  mouth  stood  near  230  feet,  we  ought  now  to  find 
a  sheet  of  sand  one  to  three  miles  wide  covering  the  marine 
clays  all  the  way  southward  to  the  present  coast.  Instead,  we 
find  only  a  small  amount  of  fluviatile  delta-matter  south  of 
Waterville,  and  this  forms  only  a  narrow  strip  near  the  river 
and  is  hardly  distinguishable  from  the  present  flood-plain  of 
the  river.  This  proves  that  it  was  only  while  the  sea  stood  at 
or  near  280  feet  that  the  swollen  rivers  of  the  Valley  Drift 
epoch  were  able  to  transport  large  amounts  of  sediment.  The 
shortness  of  this  period  is  proved  by  the  limited  amount  of 
erosion  wrought  by  the  sea. 
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e  have,  then,  to  consider  not  only  the  thick  sheets  of 
ium  covering  the  bottoms  of  the  valleys  above  230  feet, 
also  the  flaviatile  off-shore  sands  deposited  at  the  same 
.  These  are  now  exposed  for  our  examination.  Alto- 
er  they  represent  a  very  large  body  of  sediment.  And  we 
proof  that  it  was  all  laid  down  within  a  very  brief  period, 
bis  vast  amount  of  fine  sediment  was  derived  from  tlie  till 
*  the  ice  had  all  melted,  we  could  not  fail  to  find  the 
les  and  other  traces  of  this  enormously  rapid  erosion.  The 
nds  ou£:ht  to  have  been  dissected  into  a  condition  ap- 
ching  that  of  the  bad-lands  of  the  west, 
be  most  probable  interpretation  from  these  and  many  other 
\  is  the  following : 

'hile  it  is  true  that  the  morainal  matter  contained  in  the  lower 
ion  of  the  ice  must  often  have  been  irregularly  distributed  in 
equence  of  local  causes,  yet  on  the  average  it  is  probable  that 
jroportion  increased  near  the  ground.  During  tne  final  melt- 
&  larger  quantity  of  till  would  each  year  become  exposed  on 
surface  of  the  ice.  During  the  melting  of  the  last  100 
very  little  clear  water  could  have  escaped  from  the  ice. 

surface  was  covered  with  muddy  till  The  sub-glacial 
lels  were  roofed  with  muddy  ice  and  the  same  muddy  ice 
revealed  in  the  walls  of  superficial  channels  and  crevasses. 

melting  of  each  minute  ice  grain  unlocked  more  mud. 
rains  and  melting  waters  washed  away  this  unconsolidated 
J  far  more  easily  than  they  could  erode  till  already  com- 
ed  and  settled.  Erosion  accomplished  by  waters  issuing 
1  beneath  is  a  very  different  process  from  ordinary  erosion 
rains  and  streams.  Moreover  this  erosion  was  more  de- 
ient  on  the  ice-conditions  than  on  the  slopes  of  the  under- 
g  land  surface.  Here,  then,  was  an  ablation  diffused  over 
whole  surface.  While  post-glacial  erosion  of  previously 
>8ited  till  would  be  largely  localized  in  the  steeper  lateral 
sys,  late  glacial  erosion  would  be  far  more  diffused.  The 
ser  or  residual  matter  of  the  till  would  be  left  over  the 
le  surface,  not  in  the  ravines  and  smaller  valleys. 
:  is  a  well  known  law  of  melting  ice  that  the  parts  quickest 
ned  of  their  melting  waters  melt  slowest.  So  on  the  melt- 
ice-sheet,  wherever  the  waters  gathered,  there  the  melting 
seeded  most  rapidly.  This  is  the  principal  cause  of  the 
tt  enlargement  of  the  river  channels  from  those  of  narrow 

to  broad  osar-plains. 

he  facts  in  Maine  reveal  very  much  of  the  hydrography 
he  ice-sheet.  It  is  impossible  here  to  go  into  details  or  to 
uss  the  effect  of  hills  on  the  overlying  ice- surface.  We 
3  also  to  consider  the  effect  of  the  till  that  accumulated  on 
ice-surface  in  consequence  of  the  melting  of  the  upper  ice, 
rotecting  the  ice  beneath  it  from  the  heat  of  the  sun  and 
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thus  retarding  the  melting.  The  net  result  of  all  the  forces 
involved  was  that  the  waters  were  diverted  into  the  vallevB 
during  the  last  days  of  the  ice-sheet.  The  ice  in  contact  with 
the  water  melted  more  rapidly  than  the  ice  of  the  uplands 
which  was  readily  drained.  The  time  came  when  the  streams 
extended  across  the  whole  of  the  lower  part  of  the  valleys 
while  much  ice  still  remained  on  the  hillsides.  We  might  call 
the  vast  streams,  which  then  tilled  the  valleys,  ordinary  rivers, 
since  they  were  not  bordered  immediately  by  ice.  let  the 
fiieepage  of  ooze  and  flow  of  Gletschermilch,  silt  and  sand, 
which  had  helped  till  the  broad  channels  of  the  osar-plains 
period,  still  continued  frotn  the  uplands  with  even  greater 
rapidity.  At  the  place  of  deposition  over  the  bottoms  of  the 
valleys  this  drift  was  fluviatile,  but  with  respect  to  the  ice  that 
still  remained  on  the  uplands  it  was  frontal  matter. 

In  large  part  the  valley  drift  is  a  frontal  plain  of  glacial 
sediment.  In  several  of  the  north  and  south  valleys  the  cen- 
tral part  of  the  plain  of  so-called  valley  drift  is  an  osar-plain 
proper.  Given  a  broad  channel  and  a  more  rapid  melting  of 
the  ice  at  the  sides  of  the  channel  as  we  go  southward,  it  is 
evident  that  at  some  point  the  stream  will  have  broadened  so 
as  to  extend  across  the  whole  bottom  of  the  valley.  All  the 
sediment  below  this  point  will  be  a  frontal  plain  with  respect, 
both  to  the  osar-plain  river  flowing  from  the  north  and  also 
with  respect  to  the  multitude  of  small  streams  and  seeps  from 
the  ice  on  the  hills  at  the  sides  of  the  valley.  As  the  enlarge- 
ment of  the  glacial  channel  proceeds  northward,  the  frontal 
plain  is  extended  at  the  Siime  rate.  We  thus  have  sediments 
that  were  deposited  along  the  axis  of  the  valley  between  ice 
walls  ultimately  flanked  and  more  or  less  covered  by  frontal 
matter.  It  will  usuallv  be  verv  diflicult  to  distin£:uish  the  osar- 
plain  from  the  frontal  plain,  since  they  blend  one  into  the 
other  bv  decrees. 

The  writer  has  not  explored  the  upper  portion  of  the  valley 
of  the  C\>niieetieut  River  and  therefore  cannot  venture  a 
|K>sitive  opinion.  But  the  descriptions  of  the  alluvium  of  this 
valley  given  by  Messrs.  Hitchcock,  Upham  and  Dana  are  not 
only  consistent  with  there  having  been  an  enlarging  ice-channel 
along  the  axis  of  the  valley,  but  are  highly  suggestive  of  that 
hy|K>thesis.  The  alluvial  drift  of  the  lower  course  of  the 
Anxvstook  Kiver  and  the  middle  course  of  the  St  John  has 
very  nearly  the  s;\nie  character,  with  perhaps  a  larger  admix- 
tun*  of  frimtal  matter. 

The  osar-plains  alsi>  help  us  solve  the  question,  long  mooted, 
of  the  origin  of  the  river  terraces. 

It  will  Ih»  noteii  that  the  alnwe  outlined  conception  of  the 
Valley  Drift  epvvh,  though  derived  from  a  strict  induction 
frvnn  the  facts  as  observeil  in  Maine*  is  in  many  respects  not 
verv  different  iroxw  that  of  Dana's  Manual. 
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p.  XVI. —  The  Direct  determination  of  Bromine  in  mix- 
fs  of  alkaline  Bromides  and  Iodides ;  by  F.  A.  GooCH 
J.  R  Ensign. 

ibutioDS  from  the  Kent  Chemical  Laboratory  of  Yale  College. — FV.] 

a  recent  paper  from  this  laboratory*  two  methods  were 
crated  for  the  direct  determination  of  chlorine  in  mixtures 
line  chlorides  and  iodides.  These  methods  are  based  npon 
action  of  oxidizing  agents,  in  presence  of  free  sulphuric  acid, 
dilute  solutions  of  the  haloid  salts  at  the  boiling  tempera- 
Under  conditions  properly  controlled,  iodine  is  entirely 
linated  by  volatilization,  leaving  the  chlorine  combined  and 
iBturbed.  In  the  work  of  which  this  paper  is  an  account 
have  endeavored  to  determine  the  applicability  of  the  same 
(tions  to  the  separation  of  bromine  from  iodine  in  similar 
jHOciation.  It  appeared  very  early  in  the  work  that  the  exact 
Sllditions  which  were  found  suitable  in  the  separation  of 
jjblorine  and  iodine  are  inappropriate  to  the  separation  of  bro- 
ipine  and  iodine.  Thus,  while  according  to  one  of  the  two 
Betbods  which  we  discuss,  the  gas  evolved  from  2  grms.  of 
iodinm  nitrite,  passed  into  a  solution  containing  in  400  cm^  0*5 
jmo.  of  potassium  chloride,  1  grm.  of  potassium  iodide,  and  5  cm' 
tf  strong  sulphuric  acid,  eliminated  the  iodine  with  a  mean  error 
xf  00002  grm.  +,  and  while  according  to  the  other  process  the 
iodine  was  removed  by  the  action  of  2  grms.  of  ferric  sul- 
phate and  3  cm*  of  nitric  acid  upon  a  solution  similarly 
jonsiituted  otherwise  with  a  mean  error  of  0*0001  grm.,  it 
WZB  found  that  like  conditions  in  certain  experiments  in  which 
[K)tas8ium  bromide  replaced  the  chloride  were  productive 
>f  errors  amounting  to  from  0*0100  grm.  to  0*0200  grm.  in 
l)Oth  processes.  It  was  evident,  therefore,  that  the  reactions 
srhich  obtained  in  these  processes  must  be  carefully  studied 
md  adjusted  to  make  them  applicable  to  the  separation  of  bro- 
mine and  iodine.  Attention  was  turned  at  the  outset  to  the 
behavior  of  the  bromide  taken  by  itself — that  is,  unaccom- 
panied by  an  iodide — in  boiling  solutions  containing  the  rea- 
^nts  of  the  process.  Measured  portions  of  solutions  of  po- 
tassium bromide  and  of  the  other  reagents  were  brought  to 
lefinite  volume  and  boiled  in  a  distillation  flask  connected  with 
\  condenser.  The  measured  distillate  was  treated  with  silver 
nitrate  after  the  addition  of  a  few  drops  of  sulphurous  acid  to 
jonvert  free  bromine  to  hydrobromic  acid,  and,  after  the  ad- 
lition  of  an  excess  of  nitric  acid  to  dissolve  precipitated  sul- 
phite, the  silver  bromide  was  settled,  Altered  off  upon  asbestos 
n  a  perforated  crucible,  dried  and  weighed.  The  details  of 
hese  experiments  are  given  in  the  accompanying  tabular  state- 
nent. 

*  Qooch  aDd  Mar,  this  Journal,  izoclx,  293. 
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VIII. 

NO,  Fea(S04)i 

,    HBr  = 

KBr 

iDitial 

Final 

AgBr  founds 

r   HBr 

taken. 

volume. 

volume. 

in  the  distillate,  lost. 

cm^    grm. 

grui. 

grm. 

cm*. 

cm'. 

grm. 

grm. 

5          2 

0-6799 

1 

600 

500 

00021 

0-0008 

5          2 

0-6799 

1 

500 

400 

00036 

0-0016 

5          2 

0-6799 

1 

600 

500 

00037 

0-0016 

5           2 

0-6799 

1 

500 

4(0 

0-0082 

0-0035 

om  the  experiments  of  series  I,  it  becomes  plain  that  5 
of  strong  sulphuric  acid  (added  as  10  cm'  of  the  mix- 
made  by  diluting  the  strong  acid  with  an  equal  volume  of 
r)  and  1  grm.  of  potassium  bromide  do  not  interact  in  a 
to  set  bromine  free  or  to  volatilize  hydrobromic  acid  ap- 
!ably  until  the  volume  of  the  liquid  has  decreased  by  boil- 
to  about  100  cm*.  The  results  of  series  II  show,  in  like 
Qer,  that  the  effect  of  3  cm'  of  nitric  acid — the  amount 
h  was  found  to  be  suitable  in  the  separation  of  iodine  and 
rine  in  presence  of  a  ferric  salt — is  not  significant  until 
iquid  is  concentrated  to  200  cm'.  The  combined  effect  of 
two  acids,  as  shown  in  the  experiment  of  Series  III,  is 
jwhat  different.  Here  it  is  evident  that  bromine  is  liber- 
at  the  highest  degree  of  dilution  employed,  though  the 
is  hardly  significant  in  a  volume  of  liquid  larger  than 
cm'.  In  the  experiments  of  series  lY,  the  effect  of  in- 
dng  the  proportions  of  nitric  acid,  while  keeping  the 
lint  of  sulphuric  acid  and  the  degree  of  change  in  dilution 
tant,  was  manifestly  to  magnify  the  decomposition  of  the 
•obromic  acid. 

I  series  V  to  VIII,  hydrobromic  acid  was  employed  instead 
18  bromide.  From  the  results  of  series  V,  it  becomes  evi- 
that  concentration  of  the  pure  hydrobromic  acid  may  be 
sed  to  15  cm'  without  incurring  serious  loss.  The  effect  of 
presence  of  sulphuric  acid  in  raising  the  limit  below  which 
volatilization  of  hydrobromic  aciu  begins  appreciably,  is 
1  in  the  figures  of  series  VI.  Series  VIl  sets  the  volume  of 
3m'  as  the  limit  to  wiiich  the  same  amount  of  hydrobromic 
may  be  concentrated  without  loss  in  presence  of  5  cm'  of 
c  acid.  Series  YIII  indicates  unmistakablv  that  even  at  a 
me  of  500  cm*  the  combined  influences  oi  sulphuric  acid, 
c  acid  and  ferric  sulphate  taken  in  the  amounts  named 
5ve  bromine,  the  loss  being  greater  when  the  sulphuric 
is  present  than  is  the  case  when  the  nitric  acid  and  ferric 
hate  are  present  without  it. 

be  general  indication  of  all  these  results  taken  together 
brought  into  comparison  would  seem  to  be  that  improve- 
t  in  the  processes  for  separating  iodine  by  the  use  of  the  rea- 
&  whose  action  is  here  studied  should  lie  in  the  direction  of 
ter  dilution  of  the  solution  treated.     Accordingly  certain 
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experiment  irere  undenaken  fallowing  the  eune  ^neral  plii 
already  laid  down,  exceptinff  that  the  oripnal  Tornme  of  tbe 
liqaid  Veiled  was  taken  macn  larger  than  before,  and  thecun- 
ceniratioQ  guarded.  Delerminations  were  firet  made  in  blank: 
— that  it  to  saT,  the  pnjoe»  was  completed  in  all  respects  « it 
iodine  were  pre^nt  and  to  be  separated,  excepting  that  no  iodide 
was  introdnced.  To  the  jolntion  of  the  bromide,  weighed  in 
an  Erlennaeyer  llaskof  12t>' cm' capacity,  were  added  10  cm' of 
fnlphnric  acid  {X-^^  and.  after  diluting  to  at  least  600  cm' of 
water,  the  ga?  from  '1  grm?.  of  sodinm  nitrite  was  passed  into 
the  liquid,  the  trap  consisting  of  an  abbreviated  ealcinm  chlo- 
ride tnbe  with  two  bulbe.  was  Imng  in  the  neck  of  the  fluk, 
and  the  boiling  was  conttnned  for  at  least  an  hoar  and  a  hill. 
Finally  tbe  ^^Intion  wa#  co«iled.  treated  with  silver  nitrate. 
and  the  silver  bromide  precipitated  was  settled,  filtered  off  on 
asbestos  in  a  perforated  crucible,  dried  and  weighed.  The  de- 
tails of  treatment  are  given  in  the  table. 


1i    AgBr=HB 
S  5         fouod 


erm.      iirai.  cm',  cm',  gna.      gnn.       po. 

O-JSCl  i>-3«S:  400    500  1 20  0-8506  0-3666  0110«- 

0-5:i^7   0-3663  7C0    -100  90  0-fl493  03659  O-QtM- 

O.'SSfIT   O-.t^iiS  600    100  90  0-35110  3667  O-WM- 

U-o39;  0-3669  600    40O  90  0-8488  0-3657  O-OOlt- 

11-536S  0-3650  600    400  90  0-S165  03617  0-0»3- 


grm. 

cm' 

5    0-S3iJ4  0-3662 

!&0    500 

105  0-8494  0-3661  O'DOOI- 

S 

5    0-53S4  0-36-;; 

^00    500 

105  0-8483  0  3655  O-OOO;- 

a 

5    0-5.171    0-365S 

600    400 

BO  0-8455  0-3643  ODOM- 

10 

2 

5    0S363  0-3645 

6C0    400 

90  0-8439  0-3636  0-l)«9- 

It  is  obvious  that  so  fur  as  the  treatment  in  blank  is  con- 

eemed  tlic  degree  of  dilntioii  hud   been  reached  at  which  iii> 

signiticaiit  volatilization  of  tbe  bromine  takes  place.     We  pro- 

'    i,    tbiTefore,   to   make  the  actual  separation,  the  onl? 

-pD  in  conditions  being  the  addition  of  0'5  grm.  of  pots- 

%  iodide,  whicli  was  esi>ccially  prepared  and  used  in  solntiai 

"  ed  in  the  paper  to   which  reference  has  been  msd^ 

^was  continued  until  red  litrntis  paper,  motsteiK*' 

.  the  escaping  steam  for  a  minute  or  two,  showed  ^ 

B  lor  iodine. 
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Tablb  X. 


•  • 

1 
i 
KI. 

gnn. 
0-5 

-       • 

KBr=HBr 

1 
.2  S 

• 

S 

• 

a 

i 

AgBr=HBr 

Error  in 

0 

00 

•I 

a: 

O  P 

taken. 

grm.     grm. 
0-5371  0-3652 

cm*. 
600 

> 
a 

cm*. 
500 

0) 

E 
H 

20 

found. 

grm.      grm. 
0-8358  03601 

HBr. 

cm'. 
10 

grm. 
2 

grm. 
00051- 

10 

0-6 

2 

0-5367  0-3647 

600 

500 

30 

0-8337  03592 

0  0055- 

10 

0-6 

2 

»e,(SO,),  +  BM, 
gnn.     cm'* 
2           5 

9  5365  0-3647 

600 

1 

500 

20 

0'8309  0-3580 

0-0067  — 

iO 

0-5 

0-5373  0-3653 

1 
700 

550 

75 

1 

0-8170   0-3520 

0-0133- 

10 

0-5 

2           5 

0-6375  0-3655 

700, 

1 

550 

60 

0-8171    0-3520 

0-0135- 

In  the  comparison  of  the  results  of  tliese  experiments  with 
those  of  Table  IX,  it  is  plain  that,  though  the  time  of  exposure 
to  the  boiling  temperature  is  much  shorter,  the  evolution  of 
the  iodine  is  attended  by  a  not  inconsiderable  disappearance  of 
bromine.  This  loss  is  greater  in  those  tests  in  which  the  oxi- 
dation is  produced  by  tne  combined  action  of  nitric  acid  and 
the  ferric  salt.  It  is  plain  that  in  this  form  the  method  is  use- 
less. We  tried  next  the  effect  of  reducing  the  quantities  of 
the  reagents  used  by  one-half,  keeping  the  vclume  of  the  liquid 
the  same,  and,  finding  that  the  process,  conducted  otherwise 
exactly  as  described  above,  yielded  under  these  new  conditions 
O  1825  grm.  of  hydrobromic  acid  instead  of  0-1827  grm.  taken, 
we  began  a  series  of  experiments  designed  to  test  the  effect  of 
varying  the  amounts  of  sulphuric  acid  present.  The  other  con- 
ditions were  kept  unchanged.  Table  A.I  contains  the  record  of 
experiments  of  this  sort  m  which  the  oxidizing  effect  was  se- 
cured by  the  action  of  nitric  acid  and  a  ferric  salt.  In  Table 
XII  are  given  the  results  of  experiments  in  which  the  fumes 
generated  by  the  action  of  sulphuric  acid  upon  sodium  nitrite 
were  passed  into  the  liquid  to  set  the  iodine  free. 


Table  XI. 


,__, 

o 

d^^ 

!-• 

a 

'%S 

s 

.^  o 

=  «- 

C    eS 

iJm 

o 

a: 

KI. 

Fea(Sa4), 

1  +  HKO,. 

KBr=HBr 
taken. 

Inilia 
volum 

inal  vol 
in  cm 

ime  in 
proxim 

AgBr=HBr. 
found. 

Tor  in 

H- 

fa 

^g- 

Ed 

cm*. 

grm. 

grm. 

cm^ 

grm.      grm. 

cm'. 

grm.  i  grm. 

grm. 

5 

0-5 

2 

3 

0-5514  0-3748 

650 

500 

90 

0-8285  0-3570 

0-0178- 

4 

0-5 

2 

3 

0-6510  0-3745 

650 

500 

90 

0-8378  0  3610 

0-0135- 

3 

0-5 

2 

3 

0-5514  0-3748 

650 

500 

90 

0-8463  0-3647 

0-0101- 

2 

0-5 

2 

3 

0-6504  0-3741 

650 

500 

90 

0  8521  0-3672 

00069- 

1 

05 

2 

3 

0-5508  0-3744 

650 

500 

90 

0-8564  9-3686 

0-0058- 
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Table  XII. 


o 


cm* 


*     KI. 


73  C 

01  o 

I  u  I 

C  a  ' 


KBrrrHBr 
tnken. 


.2  S' 


o 

a 

3 


a 

a 


o|    AgBr=HBr 
°  -        found. 


Eh 


a 


i 


5 
5 
5 
5 
5 
4 
4 
4 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
1 
1 
1 
1 


grm.  grm. 
0.6   2 


0-5 
0-6 
0-6 
0-5 
0-5 
0-5 
0-5 
0-5 
0-5 
05 
0-5 
0-5 
0-5 
0-5 
0-5 
0-5 
0-5 
0-5 
0-5 
0-5 
0-5 
0-6 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

9 

mm 

2 


grm. 
0-5374 

0-5375 
0-5365 
0-5361 
0-5106 
0-5506 
0  6371 
0-5377 
0-5508 
0-5371 
0-6365 
0-5368 
0-5364 
0-5505 
00576 
0-0552 
0*6366 
0-6369 
0-5515 
0-5367 
0-5366 
0-63"68 
0-5515 


grm. 
0-3654 

0-3665 

0-3647 

6-3644 

0-3471 

03743 

0-3652 

0-3655 

0-3744 

0-3652 

0-3647 

0-3649 

0-3646 

0-3742; 

0-0391' 

0-0375 

0-3647 1 

0-3650 

0-3747 

0-3648 

0-3647 

0-3649 

037i9 


cm'.  I    cm*.  grm. 

600!  never  less  'Ab't  0*8460 
i  than  600  ■   30 

600! :  ...  0*8447 

600 0'8473 

650 0*8461 

650 0-8070 

650 0*8645 


650 
650 


0-8466 
0-8473 


650 0-8676 

650 1 0*8469 

650 1 0-8465 

650 0-8486 

650 0*8471 

650  ...  i 0-8690 

650 0*0915 

650 0-0883 

650' 0-8478 

650 1 0-8472 

650 1 0*8687 

650 0-8494 

650 0-8490 

650 0-8492 

650 0-8763 


grm.  ' 
0*3646 

0*3639 

0*3661 

0-3646 

0*3478 

03725 

0-3647 

0*3651 

0*37371 

0-3644 

0*3647 

0*3656 

0-3650 

0*3744 

0*0394, 

0-0380 

0-3664 

0*3661 

0-3742 

0.3660 

0*3668 

0-3669 

0-3776 


Error  in 
HBr. 


grm. 
00009- 

0*0016- 

00004  + 
0*0001  + 
0-0007  + 
0*0018- 
0-0005- 
00004- 
0  0007- 
0*0008- 
0-0000 
0-0007  ^ 
0*0004^ 
0  0002  + 
0*0003  + 

00005  + 
0-0007  + 
0*0001  + 
00005- 
0*0012  + 
00011  + 
00010  + 
0-0027  + 


It  is  plain  that  in  both  processes  the  loss  of  bromine  dimin- 
ishes as  the  amount  of  sulphuric  acid  decreases.  In  the  pres- 
ence of  nitric  acid  and  ferric  sulphate  the  point  is  never 
reached,  within  the  limits  of  our  experimentation,  at  which 
the  error  is  brought  within  allowable  bounds.  This  mode  of 
attempting  the  separation  of  bromine  and  iodine  we  therefore 
abandoned. 

On  the  other  hand  the  nitrous  acid  process,  fairly  successful 
when  the  sulphuric  acid  present  is  restricted  to  5  cm'  of  the 
half  and  half  acid  (or  to  2*5  cm'  of  the  strong  acid),  is  estab-- 
lished  as  trustworthy  when  the  sulphuric  acid  present  is  held 
within  the  limits  of  2  cm'  to  4  cm'  of  the  [1 : 1]  mixture.  The 
mean  error  of  thirteen  determinations  in  which  the  proportions 
last  mentioned  were  preserved  is  0,  lying  between  extremes  of 
0-0008  grm.  -and  0*0007  grm.  -f .  When  the  quantity  of  sul- 
phuric acid  is  still  further  diminished  there  appears  to  be  a 
slight  tendency  to  show  an  apparent  excess  of  the  bromide, 
due  in  all  probability  to  the  retention  of  a  little  combined 
iodine  in  the  solution.  The  best  proportion  for  practical  use 
is  probably  3  cm'  of  the  half  and  half  acid  to  an  initial  volume 
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t  less  than  600  cm' — the  amount  lying  midway  between  the 
^portions  with  which  divergences  begm  to  be  noted. 
Other  test  determinations  were  made  along  the  same  lines, 
3epting  that,  instead  of  generating  the  nitrous  fumes  outside 
)  liquid  under  treatment,  pure  sodium  nitrite  was  introduced 
ectly  into  the  solution.  The  nitrite  was  prepared  free  from 
logens  by  adding  to  its  solution  a  little  silver  nitrate,  acidu- 
ing  distinctly  with  nitric  acid,  and  filtering  off  the  little 
^er  chloride  thus  precipitated,  together  with  a  small  amount 
silver  nitrite  thrown  down  at  the  same  time.  The  strength 
the  solution  thus  prepared  was  determined  by  acting  upon 
efinite  portion  witli  ferrous  sulphate  in  excess  and  titrating 
residual  ferrous  salt  with  potassium  permanganate.  The 
ails  of  these  experiments  are  given  in  Table  aIII. 

Table  XIII. 


2 

-3 


55  tS 

a 


KBr=HBr 
taken. 


grm.    grm. 

I 
0-5      0-36 


0-5 
0-5 
0-5 
0-5 
0-6 
0-5 


0-35 
0-35 
0-35 
0-36 
1-76 
1-75 


grm.      grm. 

t 

0-6508  0-3745 

0-5513  0-3747 
0-5513  0-37471 
0-3005  0-2042 
0-2759  0-1876| 
0-5513  0-3747' 
0-6510  0-3746, 


cm* 


650 


^  > 


cm» 

never 

I    below  I 

500  cm» 


5S 


About 
I     30 


AgBr=HBr 
found. 


p  u 


grm. 


grm.  grm.  ^ 
0-8689  0-3744  0  0001 — 


650   ! 0-8694  0-3746  0  0001  — 

650 0-8699  0*3748  0-0001  + 

050   0-47460-2045  0-0003  + 

650   1 0-4358  01878  00003  + 

650  I 0-8705  0-3750  00003  + 

650   0-8707  0-37510-0005  + 


?he  mean  error  of  these  seven  determinations  is  0*0002 
1.  +,  lying  between  the  extremes  00005  grm.  +  and  0*0001 
1.  — .  in  the  first  five  of  these  determinations  enough 
•ite  was  employed  to  break  up  one  and  a  half  times  the 
3unt  of  iodide  taken,  if  the  action  is  supposed  to  go  to  the 
nt  of  setting  NO  free.  In  the  last  two  experiments,  eight 
es  the  quantity  of  the  nitrite  theoretically  thus  called  for  was 
en  with  no  apparent  change  in  the  effect, 
['hat  iodine  may  be  removed  with  reasonable  accuracy  from 
ctures  of  iodides  and  bromides  without  disturbing  the  bro- 
16  is  evidently  established  ;  and,  inasmuch  as  the  proportion 
which  the  reagents  are  taken  in  the  corresponding  process 
the  separation  of  chlorine  from  iodine  lie  far  witnin  the 
its  found  applicable  to  the  bromine  separation,  it  would  be 
ural  to  suppose  that  in  the  presence  of  a  chloride  associated 
h  the  bromide  the  sum  of  the  hydrobromic  and  hydrochloric 
Is  would  be  given  with  exactness  under  the  conditions  suit- 
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able  for  the  estimation  of  the  former.  We  deemed  it  best, 
however,  to  submit  this  point  to  the  test  of  experiment  The 
result  substantiates  the  presumption. 


Table  XIV. 


o 

CO 


KI 


O 

OS 

5Z5 


KBr      KCl 


cm"  gnn.  grm.    grm.      grm. 
3      0-5    0-35  0-5617  0-4981 
3      0-5    0-35  0-6511   0-4980 


grm. 

1-8280 

1-8268 


PQ 
2  + 

< 


grm. 

1-8262 

1-8253 


Error  in 

silver 

salt. 


grm. 
0-001 8— 
00015- 


Error       Error 
calcu-    '   calcu- 
lated as  '  lated  m 


HBr 


gnD. 
00008- 
00005- 


na 


gnn. 
O-OO06- 
0-0004- 


It  is  plain,  in  conclusion,  that  of  the  two  methods  which  we 
have  studied,  though  both  are  applicable  to  the  separation  of 
chlorine  from  iodine,  but  one  is  utilizable  for  the  separation  of 
bromine  from  iodine,  and  that  under  modified  condition&    With 
the  necessary  modifications,  however,  it  is  good,  and  easily  ap- 
plied.    It  may  be  briefly  summarized  as  follows  :   The  neutral 
solution  containing  the  bromide  and  iodide  is  diluted  to  600  cm* 
or  700  cm'  (instead  of  400  cm*,  which  was  found  to  be  a  suffi- 
cient dilution  in  the  case  of  the  separation  of  chlorine  from 
iodine),  1  cm'  to  1*5  cm'  of  strong  sulphuric  acid,  or,  better, 
2  cm'  to  3  cm'  of  the  mixture  made  by  diluting  the  acid  with  an 
equal  volume  of  water,  (instead  of  10  cm'  of  the  1  : 1  mixture 
employed  in  the  chlorine  separation),  are  added,  a  sufficient 
amount  of  pure  sodium  or  potassium  nitrite  is  introduced,  (or, 
if  it  is  preferred,  the  gas  generated  by  the  action  of  dilute  sul- 
phuric acid  upon  the  ordinary  nitrite  and  introduced  from  the 
outside  may  be  employed  instead,)  and  the  liquid  is  boiled,  after 
trapping  the  flask  as  described,  until  the  color  has  vanished  and 
the  escaping  steam  no  longer  gives  to  red  litmus  paper  the  color 
characteristic  of  iodine.     The  residual  liquid  is  treated  with  an 
excess  of  silver  nitrate,  and  the  precipitated  bromide  filtered  off, 
dried,  and  weighed.     The  process  of  boiling  need  not  extend 
beyond  a  half  hour,  or  a  little  more,  and  care  should  be  taken 
that  the  volume  of  the  liquid  shall  never  be  less  than  500cm'. 
We  have  not  dealt  with  quantities  of  the  potassium  bromide 
and  iodide   larger   than   0*5  grm.  each,  approximately.     The 
presence  of  0*5  grm.  of  potassium  chloride  does  not  anect  the 
sharpness  of  the  separation. 
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LBT.  XVII.— -«S9m«  Lower  Silurian   Graptolifes  from 
Northern  Maine  ;  by  W.  W.  Dodge. 

IGHT  years  ago  I  pointed  out  a  newly  found  graptolite  lo- 
ir in  Penobscot  County,  Maine,*  about  seventy-five  miles 
h  of  Bangor  and  twelve  east  of  Mt.  Katahdin.  I  have 
3  obtained  a  few  additional  specimens  there,  and  now  re- 
them  for  the  evidence  they  give  as  to  the  age  of  the 
fl  in  which  they  occur, 
he  entire  list  of  determinable  forms  before  me  is  as  fol- 


1.  Helicoffraptus  gracilis  HslW  (sp.) 

2.  DiceUograptusf 

3.  DiplograptuSy  n.  sp. 

4.  Cryptograptus  marcidus  Hall  (sp.) 

5.  Glossograptus  spimdosua  Hall  (sp.) 

6.  Young  graptolite, 

bis  is  clearly  a  fraction  of  the  Norman's  Kill  assemblage 
pecies. 

o.  1  is  represented  by  a  single  specimen,  incomplete  but 
net  and  showing  well  the  '  peculiar  proximal  bar.'  It  was 
n  from  an  extensive  ledge  that  lies  along  the  south  bank 
he  Wassatiquoik,  about  a  mile  above  the  junction  of  that 
im  with  the  east  branch  of  the  Penobscot.  Thin  layers  of 
►tolite-holding  shale  are  separated  by  considerable  thick- 
BS  of  highly  siliceous  slate  that  varies  in  color  from  olive- 

to  deep  blue-black. 

he  specimens  of  No.  2  are  too  obscure  for  certain  recog- 
>n  even  of  the  genus.  The  hydrothecae  are  undistinguishable. 
branches  have  the  double  curvature  that  in  different  de- 
s  is  shown  in  several  species  of  Dicellograptus,  but  they 
lot  include  an  angle  agreeing  exactly  with  that  assigned  to 
of  the  described  species. 

he  best  specimen  of  Diplograptus  yet  obtained  was  found 
881  north  of  the  stream,  in  a  free,  angular  piece  of  shale, 
was  then  mentioned  as  D,  pristis.  It  differs  in  some 
icnlars  from  D.  pristis  His.,  as  described  by  Tullberg.f 
he  free  portion  of  the  outer  margin  of  its  hydrothecae  is 
mally  long,  equalling  three-quarters  of  the  width  of  the 
pary,  (1 »'"™  :  21""").     The  specimen  has  fewer  hydrothecae 

given  length  of  polypary  than  any  described  species,  X 

his  Journal,  Dec,  1881,  vol.  xxii,  p.  434. 

ihang  till  Kongl.  Svenska  Vetenskaps-Akademiens  Handlingar,  Bd.  vi,  No. 

>.  10,  11,  taf.  1. 

'.  peosla  excepted,  if  necessary ;  description  of  which  I  have  not  been  able 

suit.     For  the  uame,  see  Wisconsin  Geological  Report  1862,  p.  430. 
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only  sixteen  in  an  inch,  six  in  ten  millimeters.  D.  longissimus 
Kurek  *  (Upper  Silurian)  has  seven  hydrotheccB  in  ten  milli- 
meters ;  they  overlap  each  other  more  than  do  those  in  the 
Maine  specimen,  and  terminate  differently.  D,  foliaceus 
Murch.,t  has  eighteen  to  thirty  in  an  inch,  and  is  wider.  B. 
euglyphtis  Lapw.,:j:  for  which  a  different  marginal  angle  of 
the  hydrothecse  is  stated,  has  eighteen  to  twenty-four.  B. 
rugosus  Emmons  §  has  twenty  and  a  wider  polypary.  D.pm- 
tis  has  nine  or  ten  in  ten  millimeters  and  has  a  small  radickj 
The  Maine  specimen  agrees  nearly  with  D.  pristis  and  D,  Im- 
gisaimus  in  the  angle  between  the  outer  margin  of  the  hydro- 
thecae  and  the  central  line  of  the  polypary.  It  has  a  radicle 
two  millimeters  long. 

The  precise  level  at  which  this  probably  new  species  occurs 
relatively  to  the  other  specimens  has  not  yet  been  ascertained. 

4.  Graptolithus  marcidus  Hall,  has  been  treated  as  identical 
with  Oryptograptus  tricomis  Carr.  (sp.).  Prof.  Hall's  figure 
shows  no  essential  difference.  G.  tricomis  has  parallel  lateral 
margins.  In  all  distinct  and  entire  specimens,  from  fifteen  to 
forty  millimeters  long,  that  I  have  seen,  from  Hudson  River 
valley  localities,  there  is  well  marked  distal  convergence  of 
.the  margins.  The  convergence  sometimes  begins  or  becomes 
more  rapid  at  a  point  distiant  perhaps  six  times  the  maximum 
width  of  the  polypary  from  its  proximal  extremity,  that  is 
about  one-half  or  one-third  of  its  length,  and  thus  is  seldom 
conspicuous  in  the  proximal  half  of  the  polypary.  A  slight 
proximal  convergence  also  is  frequently  or  usually  noticeable. 
JProf.  Hall's  figure  may  represent  a  specimen  which  had  lost 
part  of  its  polypary.  The  few  parallel-margined  New  York 
specimens  that  I  have  seen  are  small  (with  pointed  distal  ex- 
tremity^) or  imperfect. 

I  think  C\  marcidus  should  be  retained  for  the  present. 

The  Maine  specimen  is  from  the  same  piece  of  shale  with 
the  Diplograptus  above  mentioned  (No.  3.)  The  slightness  of 
the  test  characteristic  in  Oryptograptus  maKCS  the  specimen  in- 
conspicuous, but  it  is  easily  recognizable  after  the  attention  is 
directed  to  it. 

5.  The  specimens  of  Glossograptus  were  obtained  from  the 
same  ledge  as  No.  1,  but  from  a  higher  layer  of  shale.  They 
are  very  mdistinct.  The  spines  appear  to  be  in  number  about 
ten  on    each  side.     The  polypary,  exclusive  of  the  spines,  is 

*  Geol.  For.  i  Stockholm  Forb.,  Bd.  vi.  ITeft  7,  p.  302,  taf.  14,  figs.  8,  9. 
f  Sil.  Syst..  PI.  xxvi.  f.  3.    Hopkinsou  and  Lnpworth  in  Quart.  Joum.  Geol.  Soc 
Lond.  1874,  xxxi,  p.  657. 

t  Ann.  and  Mag.  Nat.  Hist.,  (5)  v,  p   166. 

S  American  Geologist  p.  105,  PI.  1,  fig.  26. 

[TuUberg,  op.  cit.,  p.  10.  .      * 

•i[  Like  fig.  1 7,  Plate  B,  of  Graptolites  of  the  Quebec  Group. 
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sixteen  millimeters  long  and  three  or  three  and  one-half  wide. 
The  spines  are  three  millimeters  long,  directed  somewhat  dis- 
tally  and  a  little  reflexed.  So  far  as  the  specimens  can  be 
made  ont,  they  agree  well  with  Prof.  Lapworth's  figure  of  the 
ventral  aspect  oi  6r.  IlincTcsii  Hopk.  (sp.V*  The  species  of 
this  genus  require  revision,  but  its  American  representatives 
are  not  yet  fully  known. 
At  the  localities  near  Albany,  beside  a  very  abundant  Glosso- 

Saptns  which  is  perhaps  a  small  form  of  G.  ciliatus  Emmons, 
ere  is  an  oddly  irre^lar  shaped  form,  that  in  dome  respects 
approaches  G,  pinguw  Hopk.  (sp.).t  Figure  16  of  Plate  B, 
Graptolites  of  the  Quebec  Group,  seems  to  represent  this  peculiar 
graptolite  in  a  spineless  condition  and  small. 

No.  6  somewhat  resembles  Mr.  Carruthers'  figure  of  the 
yonng  form  of  Cryptograptus  tricomia  Carr.  (8p.),:j:  but  is  a 
little  longer  in  proportion  to  its  width,  and  the  sides  do  not 
diverge  quite  so  rapidly.  I  have  no  opinion  to  express  as  to 
its  relations. 

The  Graptolite  compared  in  1881  to  Dicranograptvs  ramo- 
sus  probably  can  not  be  identified.  There  is  no  Phyllograptus 
among  my  specimens. 

Cambridge,  Mass. 


Art.    XVIII. — Siderite-hasins  of  the  Hudson  River  Epoch ; 
by  James  P.  Kimball.    With  Plate  VI. 

The  Taconic  region  on  the  borders  of  western  New  Eng- 
land and  eastern  New  York  has  ceased  to  be  the  debatable 
ground  it  once  was,  thanks  to  Prof.  James  D.  Dana  and  to 
collaborators  in  special  parts  of  the  same  field— notably,  the 
late  Eev.  A.  Wing  on  the  limestone  region  of  Vermont,  Prof. 
W.  B.  Dwieht  in  Dutchess  County,  Jf.  Y.,  and  the  excellent 
work  of  C.  C  Walcott.  The  unity  of  the  limestones  with  the 
Calciferous,  Chazy  and  Trenton  formations,  appearing  in 
widely  different  aspects  at  intervals  over  this  extensive  area ; 
the  identity  of  its  associated  series  of  shales,  grits,  sandstones, 
etc.,  with  metamorphic  products  like  fissile  slates,  hydro-micas, 
schists,  quartzites,  and  even  gneisses  ;  and  the  relations  of  part 
of  the  schists  with  the  Hudson  River  group  of   strata  have 

♦Graptolites  of  County  Down,  Proc.  Belfast  Naturalists'  Field  Club,  1876-7, 
Appendix  IV,  plate  vi,  fig.  24a. 

f  For  the  opportunity  to  study  this  and  a  number  of  other  interesting  grapto- 
lites, some  of  which  will  probably  prove  to  be  new  or  previously  unknown  in 
New  York  rocks,  I  am  indebted  to  the  kindness  of  Mr.  Charles  Schuchert. 

X  Trans.  Roy.  Phys.  Soc.  Edinburgh,  1858,  p.  468,  fig.  2;  Annals  and  Mag.  Nat. 
Hist  (3),  iii,  p.  25;  Geol.  Mag.  1868,  V,  Plate  V,  fig.  116. 
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been  set  forth  by  Professor  Dana  in  a  remarkable  series  of 
memoirs  contained  in  this  Journal  from  the  years  1873  to 
1888,  inclusive.  The  recent  work  by  C.  D.  Walcott,  toward 
locating  the  Cambrian  and  other  pomts  has  removed  all  re- 
maining doubts  as  to  the  general  age  of  the  rocks. 

The  association  with  the  same  strata  of  siderite  or  clay  iron- 
stone, or,  as  more  widely  distributed,  residues  in  situ  of  its 
weathering  decomposition,  has  also  been  pointed  out  with  ref- 
erence to  the  geographical  and  stratigraphical  occurrence  of 
limonite  beds  throughout  the  same  region. 

A  recent  study  of  the  iron-ore  bodies  in  course  of  very 
active  and  systematic  development  by  the  Hudson  River  Ore 
and  Iron  Company  since  the  year  1876  at  Burden,  Columbia 
County,  N.  Y.,  affords  a  number  of  interesting  facts  not  unim- 
portant in  their  bearing  on  the  still  rather  obscure  structanl 
geology  of  the  western  margin  of  the  Taconic  area  extending 
to  the  Hudson  River,  and  indeed  on  the  geology  of  the  whole 
Taconic  belt. 

Sections  from  the  river  to  the  vicinity  of  Johnstown,  on 
the  New  York  and  Albany  turnpike,  traverse  the  Hudson 
River  shales  to  the  base  of  the  heavy  body  of  fissile  slates  cov- 
ering the  western  foot-hills  of  the  Taconic  range,  with  fine 
exposures  by  excavations  and  diamond  drill  of  the  intervening 
calcareous  grits  and  ferriferous  limestone  beds,  including  in 
places  basins  of  siderite  in  unaltered  form.  The  stratigraph- 
ical relations  of  at  least  this  horizon  of  iron  ore  are  easily 
established.  The  probability  of  its  unity  with  a  definite  hor- 
izon of  other  well  known  occurrences  of  ferriferous  material  in 
altered  or  weathered  form  in  numerous  parts  of  the  develop- 
ment of  the  same  series  of  strata  is  indicated  by  several 
circumstances,  such  as  appertain  to  an  expansive  bottom 
whether  littoral  or  marine. 

The  iron-ore  basins  referred  to  are  about  a  mile  east  of  the 
Hudson,  between  Catskill  and  Germantown  railway  stations,  a 
few  degrees  north  of  west  from  Copake,  or  directly  opposite 
that   point   in  a  line,  that  is,  at  right  angles  to  longitudinal 
axes  of  flexure  in  this  part  of  the  Appalachian  system.    The 
intervening  ground  is  occupied  by  a  series  of   minor  folds 
whose  longitudinal   axes   conform  to   the   parallelism   of  the 
same  system.     The  ore-basins,  four  in   number,  constitute  a 
chain.     Their  longer  axes  are  likewise  parallel  to  the  trend  of 
the  Taconic  and  Catskill  ranges.     All  but  the  first  or  most 
southerly  basin,  and  the  terminal  southern  part  of  the  second 
or  next  basin  to  the  north,  have  been  folded  and  elevated  into 
anticlinals  whose  western  and  middle  zones  have  been  com- 
pletely eroded  to  give  place  to  the  bed  and  terraces  of  the 
Hudson.     With  the  exception  noted,  the  parts  of  the  basins 
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still  preserved  are  in  monoclinal  dips  to  the  east,  and  expire 
under  cover  by  attenuation.     The  broken  or  basset  edges  of  the 
ore-beds  outcrop  on  the  west  slope  and  near  the  crest  of  a  line 
of  prominent  ridges,  the  first  from  the  river,  known  as  Mt. 
Thomas,  Cedar  Hill  and  Plass  Hill.     The  several  basins  have 
thus  been  elevated  into  what  previous  to  the  sculpturing  of 
the  immediate  valley  of  the  Hudson  was  a  range  of  anticlinals 
of  which  the  remnants  are  still  prominent  landmarks.     The 
thickness  of  the  ore-beds  along  the  escarpment  formed  by  this 
outcrop  varies  according  to  the  relations  of  the  line  of  obliter- 
ative  erosion  with  different  sections  of  lenticular  bodies,  as 
well  as  to  the  expanse  and  depth  of  the  original   basins  of 
deposit       For  all   are   distinctly  lenticular  in    shape   when 
reierred  to  their  uneroded  condition,  and  considered  as  rem- 
nants of  a  whole  which  corresponded  each  to  a  cast  of  its 
original  basin.     The  disrupted  edge  of  the  ore-body  of  the 
second  basin  (in  order  from  south  to  north),  in  the  crest  of 
Mt  Thomas  is  near  600  feet  above  the  river  and  about  44  feet 
in  maximum  thickness.     Similar  escarpments  in  the  third  or 
Cedar  Hill  basin  expose  a  thickness  of  30  feet  of  ore,  and  in 
the  fourth  or  Plass  Hill  basin,  8  feet.     The  thickness  of  the 
filling  of  each  basin  is  proportional  to  its  original  expanse 
approximately  determined  by  a  horizontal  projection   of  the 
anticlinal  arch.     The  first,  a  small  basin,  is  wholly  submerged 
though  at  a  shallow  depth.     This  has  been  partially  exhibited 
by  excavations  along  its  upturned  edge,  and  its  extent  deter- 
mined by  diamond   drill.      Though   bodily  lifted   upon  the 
flanks  of  an  anticlinal,  mostly  eroded,  this  ore-body  preserves 
the  configuration  of  a  basin  and,  like  all  the  basins,  is  faulted 
and  thrown  in  minor  degree.     It  has  entirely  escaped  erosion. 
The  floor  of  all  the  basins  is  gray  argillyte  weathering  into 
brown  shales,  of  Hudson  River  age,  according  to  the  earlier 
views  of  Prof.  W.  W.  Mather  and  Prof.  James  Hall,  sustained 
by  Mr.  T.  Nelson  Dale's  discovery  of  fossils  of  that  group  in 
the  same  formation  near  Poughkeepsie.*     This  is  the  lower- 
most formation   brought   to  uie  surface  in  this  part  of  the 
Hudson  River  valley,  and  forms  the  beds  of  that  nver  and  of 
the  lower  parts  of  its  eastern  affluents  in  Columbia  County. 
It  was  penetrated  in  boring  No.  1  to  a  depth  of  662  feet,  from 
an  elevation  222  feet  above  the  river,  the  total  depth  of  this 
boring  being  987  feet     Overlying  conformably  the  Hudson 
River  shales  is  a  thin  belt  of  limestone  intercalated  with  argil- 
laceous shales,  and  continuous  with  calcareous  grits,  formmg 
the  roof  of  the  ore-basins.     Numerous  sections  of  this  within 
the  compass  of  the  first  and  second  basins  have  been  obtained 
by  use  of  the  diamond  drill. 

♦This  Journal,  xvii,  1879,  p.  377. 
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These  show  a  greatly  expanded  but  variable  thicknesB  as 
well  as  an  increased  variety  in  the  composition  of  the  sedi- 
ments, all  of  which  are  transitional,  that  is,  both  calcareous 
and  ferriferous.  The  same  belt  is  brought  to  the  surface 
farther  east  by  bosses  and  anticlinals,  in  one  case  reversed.  A 
line  of  low  bluffs  has  been  sculptured  from  the  same  range  of 
elevations  1*14  miles  east  of  Mt.  Thomas.  The  local  sections 
referred  to,  compassing  near  1300  feet  of  strata,  including  the 
siderite  basins,  may  be  concisely  presented  as  follows : 


Dense  fissile  slate  at  base  of  Taconic  hills.     Probable  equiTaleDt  of 

metamorphic  (hydro-mica)  slates  further  east.     Weathering  white,  -i-  200  ft 

Brecciated  ferro-calcareous  sandstone 161 

Ferro-calcareous  sandstones,  passing  into  conglomerate 120 

Aphanitic  black  arg^Ujte,  intercalated  with  arenaceous  shale 50 

Ferro-calcareous  grits,  seamed  with  calcite 48 

Siderite :  clay-ironstone,  pnssiog  into  sub-crystalline  spathic  carbonate  44 
Gray  argillyte.  weathering  into  drab  shale.      Bluffs  of  east  bank  of 

Hudson  River.     Boring  No.  1 -»-662 

The  grits  capping  the  ore  basins  merge  into  thin-bedded 
limestone  in  the  intervals  between  the  basins,  as  well  shown  on 
the  line  of  their  axes  along  a  stretch  of  low  bluffs  oontinnous 
with  the  Mt.  Thomas  and  Cedar  Hill  ore-escarpments.  .  The 
contact  of  the  limestone  with  the  underlying  shales  or  floor  of  the 
ore-basins,  is  in  these  intervals  close  and  barren.  The  contact, 
similarly  exhibited  in  the  second  or  eastern  range  of  exposed 
bosses  and  anticlinals,  is  likewise  close  and  barren,  but  the  cal* 
careons  grits  still  prevail  instead  of  thin-bedded  limestone,  as  if 
the  marine  currents  intermittently  supplying  the  coarser  grits 
had  an  easterly  course.  Overlying  grits  and  hmestone  the  mem- 
bers are  of  the  character  of  hydrous  fissile  slates.  These  form  the 
surface  east  of  the  monoclinals  which  elevate  the  ore-basins,  their 
first  appearance  east  of  the  Hudson  being  at  the  base  of  the  first 
range  of  monoclinal  hills.  These  slates,  probably  representing 
the  hydro  mica  slates  of  the  metamorphic  area  to  the  east  are 
very  persistent,  especially  in  the  foot-hills  of  the  Taconic 
mountains  where  their  great  massiveness  may  be  partially  due 
to  replication,  reverse  dips  or  overthrown  anticlinals  occurnDg 
even  west  of  Johnstown,  as  shown  by  inferior  strata. 

The  correlations  of  this  fragment  of  Lower  Silurian  geology 
are  distinctly  with  the  same  field  of  structural  and  stratigrapb- 
ical  work  described  by  Prof.  Dana  in  the  memoir  alreadv 
cited.  The  series  of  strata  here  described  are  probably  all  of 
the  Hudson  River  epoch,  and  little  altered  by  metamorphism, 
though  on  the  western  border  of  the  Taconic  area. 

The  ore  basins  themselves  are  not  without  remarkable  char- 
acteristics. They  may  be  described  as  a  series  of  beds  of 
clav-ironstone    intercalated    with    mechanical    sediments,    all 


Kimball — Siderite-haains  of  Hudson  River  Epoch.     159 

more  or  less  calcareous  as  well  as  ferruginous.  While,  on  the 
one  hand,  in  the  southern  portion  of  the  second  basin  well 
under  cover,  the  iron-stone  has  been  metamorphosed  into 
sub-crystalline  spathic  siderite,  weathering  decomposition,  on 
the  other  hand,  has  wrought  the  partial  alteration  of  all 
exposed  parts  of  the  beds  into  limonite.  Metamorphism  of 
amorphous  ferrous  carbonate  into  spathic  siderite  appears  to 
be  due  to  the  unimpeded  crystallization  of  such  parts  of  the 
deposits  as  were  the  freest  from  siliceous  admixtures  in  the 
form  of  mechanical  sediments.  That  this  has  resulted  from  a 
condition  of  exceptional  purity  is  well  shown  by  numerous 
analyses  as  well  as  by  the  fact  of  the  absence  of  crystallization 
from  parts  of  the  deposits  richer  in  siliceous  matter.  All  the 
familiar  phenomena  of  alteration  of  iron-stone  into  limonite 
are  well  exhibited  in  weathered  parts  of  all  the  basins,  espe- 
cially exfoliation  of  hydrous  ferric  oxide  with  the  elimination 
of  silex  and  clay.  These  insoluble  residuums  are  sometimes 
preserved  in  situ  as  contents  of  drusy  cavities. 

This  remarkable  series  of  ore-basins  seem  to  owe  their  origin 
to  depressions  on  an  in-shore  mud  bottom  fed  by  waters  from 
decomposing  basic  rocks.  From  such  waters  ferric  oxide  was 
precipitated  along  with  mechanical  sediments  from  the  land 
and  calcareous  sediments  from  the  sea.  Currents  and  occa- 
sional perturbations  introduced  detritus,  while  vegetable  and 
animal  life  found  conditions  favorable  for  existence  in  degree 
inversely  to  the  predominance  of  ferric  precipitate.  This  is 
indicated  by  the  presence  in  the  ore  of  phosphoric  acid  in 
inverse  ratio  to  tne  proportion  of  iron,  the  metamorphic  or 
spathic  ore  of  the  southern  part  of  the  second  basin  alone 
being  below  the  Bessemer  limit  in  phosphorus,  and  up  to  the 
shipping  standard  in  units  of  iron.  Submergence  of  the  basins 
b^  rapid  accumulation  of  sediments,  and  probably  also  by  sub- 
sidence below  the  range  of  atmospheric  action  was  followed 
by  decay  of  buried  organic  matter  attended  by  reduction  of 
ferric  to  ferrous  oxide,  whence  ferrous  carbonate  in  the  pres- 
ence of  carbonic  acid  and  absence  of  atmospheric  oxidation. 
To  some  extent,  also,  carbonate  of  lime  has  probably  been 
replaced  by  carbonate  of  iron. 

Senft^s  theory  of  the  formation  of  argillaceous  iron-ores 
through  saturation  of  sedimentary  beds  with  ferrous  bi-car- 
bonate,  and  the  formation  away  from  atmospheric  oxidation  of 
insoluble  ferrous  carbonate,  while  perhaps  adequate  to  explain 
certain  occurrences  of  thin  deposits  and  alternations  of  clay 
iron-stone,  notably  in  the  coal  measures,  in  circumstances  of 
emergence,  fails  to  satisfactorily  account  for  its  formation  on 
a  large  scale  under  conditions  distinctly  pointing  to  submer- 
gence. 
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The  following  analyses  of  unaltered  ores  of  both  types,  after 
calcination,  are  selected  from  the  company's  file  of  nnnierong 
commercial  analyses  :  I,  spathic  siderite  from  No.  2  mine,  by 
Mr.  A.  S.  Bertolet,  of  Crown  Point ;  II,  iron-stone  from  Mt 
Thomas,  both  from  different  parts  of  the  second  basin : 

I.  II. 

Ferrous  oxide 2*78 

Ferric  oxide 68*23  6573 

Magnesia 707                          5-72 

Alumina 2*27                          3-01 

Lime.- 3*36                          435 

Phosphoric  acid 0*06                          0*3188 

Silica 11*65  1718 

Mangauous  oxide ..  2*92                          2*66 

Sulphur 0*62                          0*78 


99*96  99*75 


Metallic  iron 49*92  46.70 

The  low  proportion  of  alumina  in  contrast  with  the  lar^ 
proportion  of  magnesia  will  not  fail  to  be  noticed.  This  ^ 
remarkable  througnout  the  whole  series  of  analyses.  Tb^ 
detrital  derivation  of  the  earthy  admixtures  from  oasic— nota- 
bly homblendic  rocks  as  prevailing  in  the  Archaean  highlands- — 
need  scarcely  be  pointed  out  in  explanation  of  this  peculiaritj 
of  these  unaltered  paleozoic  iron-stones. 

Washington,  26th  April,  1890. 


Art.  XIX. — On  a  new  variety  of  Zinc  Sulphide  fro^n  Chero- 
kee County^  Kansas ;  by  James  D.  Kobertson. 

A  NEW  and  peculiar  sulphide  of  zinc  was  found  in  south- 
eastern Kansas  a  short  time  since,  remarkable  from  the  fact 
that  it  is  nearly  pure  white  and  completely  amorphous. 

This  singular  mineral   is  found  on  the  Moll  Tract  in  the 
center  of  the  town  of  Galena,  Cherokee  County,  Kansas.    The 
ore  body,  which  is  reached  by  a  shaft  about  90  feet  in  depth, 
consists  of  zinc  blende  with  some  large  crystals  of  galena  dis- 
tributed through  it.     It  is  about  25  feet  wide,  20  feet  high, 
and  100  feet  long,  so  far  as  explored.     The  blende  has  under- 
gone much  decomposition  from  the  action  of  surface  waters, 
the  sulphide  oxidizing  to  sulphate  and  being  completely  re- 
moved  in    solution.     Thus  no   calamine   or   smithsonite  are 
formed  and  the  siliceous  gangue  rock  remains,  a  cellular  mass, 
showing  casts  of  the  dissolved  blende  crystals.     In  the  center 
of  the  ore   body  and   surrounded   on   all  sides   by   partially 
decomposed  ore,  is  a  flat  opening  three  to  four  feet  wide,  six 
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ches  to  a  foot  in  height  and  filled  completely  with  the  white 
nc  sulphide.  When  taken  from  the  mine  this  substance  is 
►ft,  full  of  water,  and  resembles  in  appearance  and  con- 
stency  white  lead  ground  in  oil.  It  has  a  very  slight  reddish 
ifit,  probably  from  a  little  ferric  oxide.  Some  red  tallow 
ays  overlie  the  deposit.  In  a  shaft  about  250  feet  distant, 
ear  the  same  level,  a  much  larger  body  has  been  exposed  in 
le  floor  of  the  workings.  This  mass  of  sulphide  of  zinc  has 
ot  been  developed  but  is  at  least  four  feet  in  thickness  and 
ttends  for  a  distance  of  thirty  feet.  Evidences  point  to 
aite  an  extensive  body  of  this  peculiar  ore  of  zinc  in  this 
line. 

An  analysis  made  by  the  St.  Louis  Sampling  and  Testing 
^orks  shows  the  following  composition  on  the  dried  sample : 

Insoluble  matter 2*52 

Zinc 63-70 

Sulphur 30-77 

Ferric  oxide 240 

99-39 

The  water  which  was  contained  in  the  original  sample  bot- 
led  on  the  ground  showed  a  slight  amount  of  sulphuric  acid. 

This  sulphide  was  evidently  formed  since  the  deposi- 
ion  of  the  ore  by  the  precipitation  of  the  sulphate  of  zinc, 
esulting  from  the  oxidation  of  ordinaiy  blende  by  sulphu- 
eted  hydrogen  or  an  alkaline  sulphide.  No  odor  of  sulphu- 
eted  hydrogen  was  perceptible  m  the  mine  nor  was  any 
ound  in  the  water  which  saturated  this  sulphide  of  zinc 
'his  mineral  has  never,  it  is  believed,  been  met  with  before, 
lie  conditions  which  would  thus  imitate  the  reactions  of  the 
iboratory  not  being  common  in  nature. 


Rt.  XX. — Two  new  Meteoric  Irons ;   by  F.  P.  Venable. 

1.     From  Rockingham  Comity^  N,  (7, 

This  mass  was  reported  to  have  fallen  about  the  year  1846, 
Jar  the  old  "  Mansion  House,"  Deep  Springs  Farm  in  Rock- 
gham  Co.,  N.  C.  One  of  the  old  negro  servants  related  to 
r.  Lindsay,  the  present  owner  of  the  farm,  that  '*  the  rock 
11  on  a  clear  morning  and  struck  the  ground  about  a  hundred 
trds  back  of  the  garden.  It  frightened  every  one  very  much, 
ol.  Jas.  Scales,  the  owner  of  the  farm  at  that  time,  and  Mr. 
illard  took  a  man  and  went  to  the  spot  and  dug  in  about  four 
'  five  feet  and  got  it  out."     It  lay  about  the  house  as  a  curi- 
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08ity  for  several  vears  when  it  ceased  to  be  of  any  more  inter- 
est  and  was  thrown  aside.  After  Mr.  T.  B.  Lindsay  bought 
the  farm,  he  kept  the  meteoric  mass  for  several  years  upwi 
his  porch.  In  the  fall  of  1889  he  presented  it  to  fhe  State 
Museum.  The  indentation  in  the  earth  where  it  is  reported 
to  have  struck  is  still  pointed  out. 

The  weight  of  the  mass  was  11-5  kilos.  It  had  somewhat 
the  outline  of  a  rhomboid,  measuring  270°^  X  210""^  (ex- 
tremes) and  having  a  thickness  which  varied  from  10  to  7(^^ 
It  is  coated  with  oxidation  products  to  a  depth,  in  places  of 
several  millimeters.  These  give  the  whole  mass  a  dull  reddish 
browTi  color.  The  surface  is  irregularly  pitted  with  broad, 
shallow  pits.     It  is  somewhat  concave  on  one  side.     On  being 

folished  and  etched  it  gave  faintly  the  Widmanstatten  figures, 
t  belongs  to  the  class  of  sweating  meteorites,  beads  of  de- 
liquesced ferric  chloriae  appearing  on  the  surface.  This  lav- 
rencite,  so-called,  is  evidently  unevenly  distributed  through  the 
mass.  Analyses  from  different  portions  gave  different  amounts 
of  chlorine.  In  one  boring  it  was  noticed  that  the  metal  near 
the  surface  (within  2''°')  gave  a  decided  percentage  of  chlorine, 
while  that  coming  from  the  deeper  part  of  the  drill  hole  (3-5" 
from  surface)  gave  no  appreciable  amount  of  chlorine. 
The  analysis  gave : 

Fe  87-01,  P  0-04,  SiO,  0-53,  CI  0*39,  Ki  11-69,  Co  O-79=100-45 

2.     From  Henry  Couuty^  Va. 

This  meteoric  iron  was  found  by  Nathaniel  Murphy  in 
Henry  County,  Ya.,  about  four  miles  from  the  Pittsylvanii 
County  line,  and  one-half  mile  north  of  the  dividing  line 
between  North  Carolina  and  Virginia,  near  to  Smith  Kiver. 
Murphy  found  the  stone  in  a  ploughed  field  in  the  latter  part 
of  the  spring  of  1889.  He  gave  it  to  Col.  J.  Turner  Morehead 
of  Leaksville,  N.  C.  Together  with  Col.  Morehead  he  searched 
over  the  farm,  but  could  find  nothing  similar  to  this  piece. 
Col.  Morehead  sent  the  mass  to  Dr.  H.  B.  Battle  of  Raleigh, 
N.  C.  It  weighed  1*7  kilos  and  the  detached  pieces,  mainlv 
crust,  weighed  022  kilos.  This  crust  broke  off  along  certain 
lines  by  a  sort  of  cleavage,  and  the  main  mass  is  permeated 
with  cracks,  not  irregular  and  zig-zag,  but  as  distinct  and 
regular,  almost,  as  if  it  were  a  piece  of  crystallized  gypsum 
Tnis  cleavage  is  in  two  directions.  The  laminaj  vary  in  thick- 
ness, but  many  are  about  i"'"*.  The  color  of  the  surface  is 
dark  bluish-black  mixed  with  much  redrust  coming  from  the 
lawrencite.  Parts  of  the  soil  apparently  still  clung  to  the  ma*. 
It  measured  60x70x75°'™  taking  the  greatest  lengths  in  the 
three  directions.     Here  and  there  spots  were  to  be  seen  with 
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it  silvery  sheen.     It  contains  a  good  deal  of  ferric  chloride 
is  rapidly  crumbling.     On  polishing  down  one  of  the  sides, 
tVidmanstatten  figures  (coarse)  came  out  very  plainly,  no 
ing  being  necessary, 
le  analysis  gave : 

3  90-54,  CI  0-35,  SiO,  0*04,  P  0-13,  Co  0-94',  Ni  7T0=99-70 
lYeraity  of  North  Carolina,  May,  1890. 


SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

On  the  Nature  of  Solutions, — Pickering  has  continued  his 
ligations  on  the  nature  of  solutions  and  now  gives  the  re- 

as  deduced  from  the  freezing  point  of  sulphuric  acid  sola- 
I.  The  following  are  his  conclusions ;  **  The  freezing  points 
)lutions  of  sulphuric  acid  form  four  separate  figures,  each  of 
h  represents  the  crystallization  of  a  different  substance.  In 
case  where  water  crystallizes  out,  the  figure  consists  of  a 
le  branch  curve,  whereas  in  the  cases  where  the  tetrahydrate, 
monohydrate  and  anhydrous  sulphuric  acid  crystallize  out, 

figure  consists  of  two  curves  rising  up  and  meeting  at  points 
in>onding  with  the  composition  of  the  substance  crystallizing 
.ch  case  respectively.  The  tetrahydrate  as  a  solid,  is  a  new 
ate  melting  at  ^25%  its  existence  in  solution  having  been  pre- 
sly  established.  Irregularities  and  sudden  changes  of  curva- 
are  found  in  the  figures.  These  changes  occur  at  the  same 
Ls  as  those  noticed  in  the  case  of  the  densities,  heat-capacity, 
of  dissolution,  expansion  by  heat,  and  electric  conductivity.* 
he  seventeen  hydrates  indicated  by  the  last-named  proper- 
everyone  has  received  further  confirmation  from  the  present 
:  where  such  confirmation  was  possible  (in  thirteen  cases) ; 
Idition  to  which,  three  others  have  been  recognized  (two  of 
h  were,  however,  suggested  by  the  previous  work),  thus 
ig  the  total  to  twenty.  Sudden  changes  at  H,SO^  and  at 
t  seHjSO^SO,  have  also  been  established.  The  freezing 
'*  diagram  shows  that  the  existence  of  a  definite  hydrate  may 
larked  by  an  indubitable  change  of  curvature  at  the  point 
^ponding  to  its  composition  (e.  g.,  11,80^(11  O)^  and  H,§0  ). 
Y  of  the  changes  are  sufficiently  marked  to  be  evident  with- 
the  aid  of  differentiation.  The  constituent  portions  of  the 
>us  figures  are  probably  not  parabolic.  The  changes  at  the 
jme  end  of  the  water-curves,  with  solutions  containing  less 

H,SO^  to  100  H,0,  are  of  considerable  magnitude.  The 
e  here  instead  of  being  made  up  of  one  straight  line,  is  made 
f  several  straight  lines,  the  last  change  observed  occurring 

*  Noticed  in  the  May  number  of  this  Journal. 
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with  solutions  as  weak  as  0-07  per  cent  H,SO^,  or  0*0126  H,SO, 
to  100  H,0.  The  molecular  depression  shown,  even  in  thU  ex- 
treme region^  instead  of  being  constant  as  it  should  be  according 
to  the  theory  of  osmotic  pressure,  varies  between  2*96''  and  2*1^ 
The  molecular  depression  in  the  various  curves  ranges  from  0*01*^ 
to  2-95*  according,  to  the  nature  of  the  solvent  and  that  of  the 
dissolved  substance,  these  numbers  referring  only  to  solutions 
containing  not  more  than  one  foreign  molecule  to  100  solvent 
molecules.  In  no  two  cases  out  of  the  seven  investigated  does  it 
possess  the  same  value.  In  every  case  an  increase  in  the  streogtb 
of  the  solution  beyond  this  proportion  entails  an  abnormally  low 
freezing  point.  According  to  all  existing  physical  theories  of 
solution  the  freezing  points  of  such  solutions  should  be  abnor- 
mally high." — J,  Cheni.  Soc,^  Ivii,  331,  May,  1890.  g.  f.  b. 

2.  On  the  Molecxdar-Mass  of  Iodine^  of  Phosphorus^  and  of 
Sidphur  in  Solution, — Beckmann  has  applied  his  method  of  de- 
termining the  molecular  mass  of  a  substance  by  means  of  the  ele- 
vation which  it  produces  in  the  boiling  point  of  a  solvent,  to  the 
cases  of  iodine,  of  sulphur  and  of  phosphorus,  dissolved  in  carbon 
disulphide,  and  to  that  of  iodine  in  ether.  The  molecular  eleva- 
tion of  the  boiling  point  in  the  case  of  carbon  disulphide  using 
100  grams  was  23*75**  and  referred  to  100  c.  c.  was  19*43°.  In  the 
case  of  ether  the  molecular  elevation  was,  for  100  grams  21  "05°, 
and  for  100  c.  c.  30*2 1°.  As  a  result  it  appeared  that  the  molecu- 
lar mass  of  iodine,  in  solution  both  in  ether  and  in  carbon  disal- 
phide,  is  254  very  nearly  ;  corresponding  to  the  formula  I,.  The 
molecular  mass  of  phosphorus  in  carbon  disulphide  is  124,  cor- 
responding to  the  formula  P^;  and  that  of  sulphur  in  the  same 
solvent  is  256,  corresponding  to  S^. — Zeitschr.  Phyaik,  Chem,^  v,  76, 
February,  1890.  G.  f.  b. 

3.  On  the  conditions  of  Equilibrium  between  JElectrolytes.— 
Arrhenius  has  compared  the  experimental  conditions  of  equilib- 
rium in  solutions  with  those  pointed  out  by  theory.     In  the  case 
of  an  acid  and  one  of  its  salts,  if  x  represents  the  fraction  of  dis- 
sociated acid  and  d  the  amount  of  the  salt,  V  being  the  volume 
in  liters  containing  one  gram   molecule  of  the  acid  and  n  mole- 
cules of   the  salt,  then    (?ic?+x)iC=KV(l  —  aj),    K  being  a    con- 
stant of  dissociation  determinable  from  the  conductivity   of  tbe 
acid.     This  equation  is  found  to  hold  in   the  case  of  acetic  and 
formic  acids  and  their  sodium  salts.     Since  for  feeble   acids  x  is 
small,  and   may   be  neglected  in  comparison  with  nd  or   1,  and 
since  d  is  practically  independent  of  the   dilution,  it  follows  that 
the  degree  of  dissociation,  that  is,  the  strength   of  a  feeble  acid 
when  a  salt  is  present  in  the  same  solution,  is  proportional  to  the 
amount  of  the  salt.     Between  a  feeble  acid  such  as  acetic,  and  a 
salt  such  as  sodium  chloride,  the  equilibrium  is  that  between  four 
substances,  not   only  the   two  mentioned,   but  also  the   sodium 
acetate  and  hydrogen  chloride  resulting  from  their  reaction.     If 
the  fractional  dissociation  of  these  substances  in  the  order  named 
be   expressed  by  d^  d^  d^  fZ„  and  one  molecule  of  acetio  acid  on 
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being  brought  into  contact  with  n  molecules  of  sodium  chloride 
produces  x  molecules  of  hydrogen  chloride  and  sodium  acetate, 
then  d^x  d^xszd^  (l—x)  d  (n—x)  ]  a  result  agreeing    with   that 

fiven  by  experiment.  The  author  shows  that  it  is  possible  to 
educe  from  this  equation  a  value  for  the  so-called  "  avidity  " 
measured  by  Thomsen  and  Ostwald,  and  he  finds  that  for  mono- 
basic acids,  the  avidities  for  any  given  dilution  are  approximately 
proportional  to  the  degrees  of  dissociation  of  the  acids  at  this 
dilation.  This  conclusion  agrees  Avith  Ostwald's  results.  The 
author  also  points  out  that  the  theory  of  Guldburg  and  Waage  is 
applicable  only  to  equilibrium  between  four  electrolytes,  when 
two  of  them  are  strongly  dissociated  ;  and  further  that  one  of 
the  conclusions  of  this  theory,  that  the  avidities  of  acids  are  pro- 
portioned to  the  square  roots  of  their  affinity-coefficients,  is  incor- 
rect. Since  the  decomposition  of  certain  salts  by  water,  ob- 
served by  Walker  to  follow  the  ordinary  laws  of  mass  action, 
takes  place  in  accordance  with  the  equation  given  above,  it  seems 
necessary  to  assume  that  water  is  an  electrolyte  and  is  partially 
dissociated. — Zeitachr.  Physik.  Chem.,y,  1,  Feb.,  1890;  J.  Ch, 
tSoCy  Iviii,  437,  May,  1890.  g.  p.  b. 

4.  Coincidences  between  lines  of  different  spectra, — Professor 
RuNGE  of  the  Technical  High  School  in  Hanover  examines  meth- 
ods given  by  various  authors  for  discriminating  real  from  acci- 
dental coincidences  between  the  lines  of  different  spectra,  and 
applies  the  result  of  his  own  analysis  to  GrUnwald's  speculation 
on  the  composition  of  the  elements.  It  will  be  remembered  that 
Grflnwald  believed  that  his  hypothesis  was  most  strongly  sup- 
ported by  the  agreement  between  the  wave-lengths  of  the  lines 
in  the  spectrum  of  water,  as  deduced  by  him  from  those  of  the 
hydrogen  spectrum,  and  their  values  as  obtained  by  observation. 
Professor  Runge,  however,  finds  that  the  distribution  of  differ- 
ences is  in  perfect  accordance  with  the  one  expected  for  an  equal 
number  of  wave-lengths  chosen  at  random.  The  distribution  of 
differences  gives  no  more  reason  to  believe  the  coincidences  real 
*Hhan  to  believe  in  a  connection  between  the  mantissas  of  log  sin, 
and  the  spectrum  of  water." — Phil,  Mag.^  June,  1890,  pp.  462- 
466.  J.  T. 

5.  Heris^s  experiments, — L.  Boltzman  shows  the  experiments 
of  Hertz  to  a  large  audience,  even  when  the  primary  circuit  is  at 
a  distance  of  8*7  meters  from  the  secondary  circuit,  by  making 
the  minute  sparks  in  the  secondary  circuit  connect  the  pole  of  a 
battery  with  an  electroscope.  As  long  as  no  spark  passed  be- 
tween the  terminals  of  the  secondary  circuit,  the  electroscope 
remained  uncharged  by  the  battery.  When  the  circuits  were 
3d'8  meters  apart,  it  was  estimated  that  the  length  of  the  sec- 
ondary spark  was  -^-^  of  a  millimeter.  The  method  employed  by 
Boltzman  serves  also  to  examine  interference  phenomena. — Ann, 
der  Physik  und  Ohemie,  No.  6,  1890,  p.  399.  j.  t. 

6.  Stationary  light  waves,  —  Otto  Wiener,  by  the  employ- 
ment of  a  peculiar  photographic  process,  has  succeeded  in  show- 
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ing  the  existence  of  stationary  light  waves,  analoeoos  to  the 
sound  waves  shown  in  Kundt's  experiment.  The  antnor  has  also 
endeavored  by  his  method  to  settle  the  question  of  the  direction 
of  the  vibration  of  light  with  respect  to  the  plane  of  polamation, 
and  believes  that  his  experiments  show  that  these  vibrations  take 
place  perpendicular  to  this  plane.  He  also  shows  that  the  chemi- 
cally active  vibrations  and  the  electrical  vibrations  are  in  the 
same  plane.  In  other  words,  the  chemical  action  of  the  light  rays 
is  joined  to  the  vibrations  of  electrical  force  and  not  to  those  of 
magnetic  force. — Ann.  der  Phyaik  und  ChemiCy  No.  6,  1890,  pp. 
203-243.  J.  T. 

7.  Electrical  Oscillations  in  air, — Recent  experiments  in  the 
Jefferson  Physical  Laboratory  of  Harvard  University,  condacted 
by  John  Trowbridge  and  W.  C.  Sabine,  show  that  the  medium 
of  the  dielectric  exerts  a  marked  effect  upon  electrical  surgings 
or  oscillations.  The  spark  from  a  large  air  condenser  was 
analyzed  by  a  rapidly  revolving  mirror  and  the  oacillatioDs 
photographed.  A  marked  periodicity  in  the  time  of  the  electrical 
waves  was  discovered  when  the  air  condenser  was  employed. 
When  a  glass  condenser  was  substituted  for  the  air  condenser  the 
periodicity  became  less  marked.  The  glass  evidently  coald  DOt 
recover  from  the  initial  strain  in  time  to  interfere  with  the  reoar- 
ring  electrical  oscillations.  In  the  case  of  air,  however,  the  partial 
recovery  from  each  electrical  wave  served  to  modify  the  time  of 
the  latter.  The  work  of  the  authors  shows  that  for  rapid  chargei 
and  discharges  of  an  air  condenser  the  factor  expressing  the 
capacity  is  a  periodic  function,  the  value  of  which  depends  upon 
the  state  of  strain  of  the  air. — Proceedings  of  the  American 
Academy  of  Arts  and  Sciences^  May  18,  1 890,  pp.  109-1 23.    j.  t. 

II.    Geology  and  Mineralogy. 

1.  The  American  Committee  of  the  International  Congreu 
of  Geologists, — In  the  February  number  of  the  American  Geolo- 
gist (vol.  V,  No.  2),  p.  125,  is  a  report  of  a  meeting  of  the 
"  American  Committee  of  the  International  Congress  of  Geolo- 
gists" held  in  New  Y'ork  Dec.  26,  1889.  What  is  meant  by  the 
name  is  the  Standing  Committee  of  the  American  Association  m 
the  International  Congress.  As  there  is  now  an  American  Com- 
mittee of  the  International  Congress  which  is  known  in  the 
French  language  of  the  Congress  as  the  American  "Comit^ 
d'Organisation,"  and  is  recognized  as  such  by  the  London  Bureaa 
of  the  Congress,  and  as  it  is  necessary  for  this  committee  to  act 
in  its  official  capacity  as  the  American  Committee  of  the  Con- 
gress in  organizing  the  American  Session,  I  beg  to  call  attention 
to  the  misuse  of  the  name  by  the  Committee  of  the  American 
Association. 

There  are  three  committees  in  America  which  have  to  do  willi 
the  International  Congress  of  Geologists,  and  as  several  gentle- 
men are  members  of  all  three  of  the  committees,  care  is  necea- 
sary  not  to  confuse  them  in  their  official  capacities. 
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The  "Comit6  Fondateur,"  or  founding  committee,  was  ap- 
pointed by  the  American  Association  for  the  Advancement  of 
Science  in  1876.  It  was  composed  as  follows:  James  Hall,  presi- 
dent ;  T.  Sterry  Hunt,  secretary ;  W.  B.  Rogers,  J.  W.  Dawson, 
J.  S.  Newberry,  C.  H.  Hitchcock,  R.  Pumpelly,  T.  H.  Huxley^ 
Otto  Torrell,  E.  H.  de  Baumhauer.  To  the  committee  were 
idded  in  1877  the  names  of  J.  P.  Lesley  and  A.  C.  Ramsay. 

This  committee  performed  its  function  of  inaugurating  the  first 
ieftsion  of  the  Congress  of  Geologists  at  Paris  in  1878,  by  which 
It  was  given  a  place  of  honor  as  ex  officio  a  part  of  the  Bureau, 
lod  was  called  *'  Comite  Fondateur  de  PhUaddpkie.'^^  The  Amer- 
ican representatives  now  living  are  Messrs.  Hall,  Hunt,  Dawson, 
dewberry,  Hitchcock,  Pumpelly  and  Lesley.  As  a  committee  of 
;he  American  Association  it  reported  in  1879.  In  this  year  also 
he  names  of  G.  H.  Cooke,  J.  D.  Dana  and  Clarence  King  were 
kdded,  and  the  European  names  on  the  list  were  dropped. 

Id  1880,  the  committee  was  formally  discharged,  as  stated  in 
he  Proceedings  of  the  Association  for  that  year,  vol.  xxix,  p.  748. 

In  the  Proceedings  for  1881,  no  mention  is  made  of  any  com- 
aittee  on  the  International  Congress. 

In  the  volume  of  the  Proceedings  for  1882,  the  following  entry 
.ppears  in  the  report  of  the  general  secretary,  Proc.  vol.  xxxi, 
K  634  : 

"  Dr.  T.  Sterry  Hunt  made  a  statement  in  reference  to  the  Inter- 
lational  Geological  Committee,  of  which  Professors  Hall,  Selwyn, 
i^esley,  and  himself  had  been  appointed  representatives  from 
l^orth  America.  Several  months  ago  a  report  was  prepared  by 
hem.  The  work  was  not  yet  completed,  and,  on  the  recommen- 
lation  of  the  standing  committee,  he  moved  that  the  committee 
>e  continued.  The  motion  was  seconded  by  Professor  Hall  and 
he  committee  was  continued."  On  page  xviii  of  the  same 
roiame,  among  the  special  committees  of  the  Association  under 
.he  title  *' Committee  on  the  International  Congress  of  Gcolo- 
pBts  ^  are  printed  the  names  of  the  American  members  of  the 
iommittee  appointed  in  1876. 

The  "  International  Committee "  named  above,  in  Mr.  Hunt's 
statement  can  refer  only  to  the  '*  International  Committee  on 
[Cartography"  and  on  '* Classification  and  Nomenclature,"  ap- 
pointed by  the  Congress.  The  Association  had  no  power  either  to 
K>ntinne  or  discontinue  them.  Moreover,  it  was  not  the  committee 
ippointed  by  the  American  Association  in  1876  to  organize  the 
[Tongress,  for  that  committee  had  already  performed  its  function, 
"eported,  and  been  formally  discharged. 

The  committee,  thus  irregularly  established,  has  been  continued 
rear  by  year  by  the  Association.  In  1884,  G.  H.  Cook,  E.  D. 
Tope,  J.  W.  Powell,  E.  A.  Smith  and  J.  J.  Stevenson  were  added. 
n  1885  Persifor  Frazer,  N.  H.  Wincbelland  H.  S.  Williams  were 
dded.  In  1889,  the  committee  itself  elected  C.  D.  Walcott, 
Vm.  B.  Scott  and  Robert  Bell  to  fill  vacancies  made  by  the 
eath  of  G.  H.  Cook  and  the  resignation  of  J.  W.  Dawson  and 
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J.  W.  Powell.  So  that  this  special  committee  of  the  Ameriean 
Association  '*  on  the  International  Congress  of  Geologists,"  dow 
consists  of  James  Hall,  J.  S.  Newberry,  T.  Sterry  Uunt,  C.  H. 
Hitchcock,  Raphael  Pumpelly,  J.  P.  Lesley  and  the  names  added 
as  above.  Its  officers  are  James  Hall,  chairman ;  Persifor  Fraier, 
secretary ;  and  C.  H.  Hitchcock,  treasurer. 

The  third .  committee  is  the  Committee  of  the  International 
Congress^  appointed  by  the  council  of  the  London  meeting  of  the 
Geological  Congress  to  organize  an  American  Session  of  the 
Congress,  and  is  technically  known  as  the  American  ^'Comite 
d'Organisation,"  or  Committee  of  Organization.  And  it  b  the 
only  American  Committee  of  the  Congress.  It  is  composed  of  the 
following  gentlemen  : 

Messrs.  Branner,  Chamberlin,  Cope,  Dana,  Davis,  Dattoo, 
Frazer,  Gilbert,  Hague,  Hall,  Heilprin,  Hitchcock,  Hant,  Le 
Conte,  Leidy,  Lesley,  Marsh,  Newberry,  Powell,  Procter,  Shaler, 
Stevenson,  Walcott,  Whitfield,  Winchell  and  Williams. 

Its  officers  are  J.  S.  Newberry,  chairman ;  G.  K,  Gilbert,  rice- 
chairman  ;  and  H.  S.  Williams,  secretary.  h.  &  w. 

2.  Professor  Wm.  M.  Fontaine  on  the  Potomac  or  Younger 
Mesozoic  Flora, — This  new  volume  of  the  U.  S.  Geological  Sanrey 
has  been  mentioned  with  high  commendation  by  Mr.  Lester  F. 
W^ard,  in  the  last  volume  of  this  Journal.  Professor  Fontaine 
closes  the  volume  of  377  pages,  with  an  extended  and  thoroi^ 
comparison  of  the  genera  ana  species  of  the  Potomac  flora  with 
those  elsewhere  of  the  Jura-Trias  and  Cretaceous  periods,  and 
ends  with  thirty  pages  of  tables,  twenty  of  which  are  a  further 
exhibition  of  these  relations.  We  cite  the  last  page  preceding 
the  tables,  presenting  Professor  Fontaine's  conclusions  from  the 
])lants  as  to  the  age  of  the  Potomac  deposits. 

'^  Taken  as  a  whole,  then,  and  compared  with  the  Cenomanian 
flora  of  the  Dakota  and  New  Jersey  Cretaceous  strata,  the  angi- 
osperms  of  the  Potomac  decidedly  point  to  the  Neocomian  as  the 
age  of  the  Potomac  beds. 

"  From  this  brief  review  of  the  flora,we  see  that  there  is  in  it  a 
very  large  and  important  element  that  belongs  to  the  Jurasric  or 
typical  Mesozoic  flora ;  a  less  important  but  still  large  element, 
that  has  near  relations  in  Cenomanian  and  even  living  forms; 
while  the  largest,  most  fully  developed  and  characteristic  element 
is  most  nearly  allied  to  forms  distinguishing  the  Neocomian.  All 
the  important  species  common  to  the  Potomac  and  the  floras  of 
known  formations  are  found  in  the  Neocomian,  including  under 
this  name  both  the  Wealden  and  Urgonian.  If  any  additional 
evidence  were  needed  of  the  Neocomian  age  of  the  Potomac,  it 
may  be  found  in  the  peculiar  union  of  old  and  new  types,  whose 
evudenec,  if  we  consider  them  by  themselves,  is  contradictory. 
Schenk,  in  Die  Foss.  Pflanz.  der  Werns.  Schichten,  page  29,  in 
speaking  of  the  character  of  the  Neocomian  flora  of  the  Wenis- 
dorf  beds,  well  says  that  the  flora  of  the  older  Ci*etaceous  occupiee 
in  the  development  of  the  plant  kingdom  a  position  similar  to  that 
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of  the  Trias,  for  the  forms  characteristic  of  two  great  periods  of 
development  meet  in  it;  that  is,  the  survivors  of  the  past  period 
(Mesozoic)  and  the  new  forms  of  the  approaching  one  (Tertiary). 
This  being  trae,  we  should  expect  to  iind  in  any  large  collection 
of  Neocomian  plants  a  great  mingling  of  types.  We  should  find 
the  survivors  of  the  old  floras  and  the  newly  arrived  precursors 
of  the  more  recent  ones  mingled  with  a  number  that  attain  their 
development  in  and  are  peculiar  to  the  Neocomian.  '  This  is 
exactly  what  we  find  to  be  true  of  the  Potomac  flora.  That  so 
many  of  these  plants  are  new  is  perhaps  to  be  explained,  in 
part  at  least,  by  the  fact  already  mentioned,  that  the  flora  of  this 
epoch  is  very  poorly  represented  and  comparatively  but  little 
known.  It  is  not  possible  to  say  positively  to  what  precise  epoch 
of  the  Neocomian  the  Potomac  belongs.  Its  flora  ranges  from 
the  Wealden  through  the  XJrgonian,  and  probably  includes  some 
Cenomanian  forms." 

3.  JBHiption  of  Bandai-san,  Transactions  of  the  Seismologi- 
cal  Society  of  Japan,  vol.  xiii,  Part  ii. — We  have  here  a  republica- 
tion of  the  paper  of  Sekiya  and  Kikuchi  (noticed  in  a  former 
volnme)  on  the  remarkable  eruption  of  Bandai-san  in  1888,  with  its 
plates,  and  also  an  important  paper  on  the  same  subject  by  C.  G. 
Knott  and  C.  Miohie  Smith.  A  point  of  general  interest  in  the 
observations  discussed  iorthe  second  paper  relates  to  the  condition 
of  the  forests,  especially  those  south  and  southeast  of  the  place 
of  eruption.  It  is  stated  that  the  forests  were  subjected  "  not 
merely  to  a  hurricane  of  wind,  but  also  to  a  fierce  cannonading  of 
stones  of  all  sizes  from  the  tiniest  grains  to  huge  blocks."  ^'The 
cloud  of  stones,  largely  unchecked,  in  their  on-rush,  shot  over  the 
rid^e  and  down  the  steep  slopes  till  the  smaller  gradients  and 
their  own  accumulation  brought  them  to  a  stand."  *'  That  much 
of  it  was  launched  horizontally  so  as  to  graze  the  surfaces  of  the 
ridge  and  high  level  slopes  is  demonstrated  by  the  nature  of  the 
damage  done  to  the  trees."  '^  To  get  some  idea  as  to  the  heaviness 
of  this  bombardment  we  counted  the  separate  cuts  and  bruises  on 
the  quarter  of  a  square  foot  of  the  surface  of  a  battered  tree, 
selected  as  a  representative  one ;  a  careful  count  gave  75,"  or 
"  300  missiles  to  the  square  foot."  "  There  is  no  reason  to  sup 
pose  that  the  vertical  projection  was  denser  than  the  horizontal ; 
on  the  contrary,  there  are  good  reasons  for  supposing  that  the 
horizontal  was  the  greater ;"  in  other  words,  **  the  amount  pro- 
jected at  lower  inclinations  than  45^  far  exceeded  the  amount  pro- 
jected at  higher  angles."  "  As  regards  the  larger  fragments  the 
outburst  was  confined  to  inclinations  less  than  30^  to  the  horizon- 
taL"  These  facts  seem  to  make  it  an  explosive  eruption  in  which 
the  explosion  took  place  high  up  in  the  mountain.  The  mountain 
had  not  been  in  eruption  for  1000  years  and  had  lost  much  of  its 
breadth  in  the  meantime  by  erosion.  The  eruption  was  without 
the  medium  in  any  way,  according  to  Kikuchi  (which  is  undis- 
puted in  the  second  paper),  of  liquid  lavas. 
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The  authors  discnss  also  the  force  and  velocity  of  falling 
masses,  taking  as  data  the  accepted  Gunnery  tables,  and  make 
out  that,  owing  to  the  resistance  of  the  atmosphere,  a  velocity  of 
about  720  feet  a  second  is  the  greatest  attainable  by  a  rough  flat- 
sided  rock,  a  square  yard  in  section,  and  nearly  4000  lbs.  in  mass; 
*'  such  a  mass  projected  from  a  height  of  8000  feet  above  the  se^i- 
level,  with  a  vertical  speed  of  8500  feet  per  second,  will  reach  a 
height  of  24,500  feet  above  the  sea-level ;  and  it  will  return  to  the 
earth  from  that  height  with  a  speed  of  720  feet  per  second,  which 
speed  it  will  nearly  have  attained  after  it  has  fallen  about  half 
this  height."  The  object  of  the  calculation  was  to  prove  that  the 
numerous  deep  cylindrical  holes  in  the  ground  were  not  made  by 
the  falling  of  stones  (a  view  presented  in  a  paper  by  Mr.  Odiam) 
but  to  some  other  cause,  probably  the  uprooting  of  trees,     j.  d.  d. 

4.  Die  Milter  alien  der  Syenitpegmatitgdnge  der  Sudnortcegit- 
chen  Augit'  und  Nephelin syenite  ;  by  W.  C.  BrOggbb,  235  and 
663  pp.,  with  27  plates  and  2  geological  charts.  Leipzig,  1890— 
Zeitschrift  ftlr  Krystallographie  und  Mineralogie,  vol.  xvi  (Wm. 
Engelmann). — It  would  be  aifficult  to  iind  in  the  whole  range  of 
mineralogical  literature  another  monograph  of  such  exhaustive 
thoroughness,  so  rich  in  new  facts  and  descriptions  of  new  species 
and  devoted  to  a  region  of  such  unique  interest  as  this  weighty 
volume  by  Professor  Br5gger.  The  reader  is  impressed  more 
and  more  as  he  turns  over  the  pages  with  the  vast  amount  of 
labor  here  expended  and  the  rich  results  which  the  author  has 
attained.  It  is  impossible  here  to  do  more  than  indicate  in  the 
briefest  manner  the  scope  of  the  work.  It  is  divided  into  a 
general  and  a  special  part.  The  first  part  (235  pp.)  takes  up  the 
geological  relations  of  the  pegmatite  veins  of  the  ChristiaDia 
region,  giving  a  general  survey  of  the  geology  with  the 
several  types  of  eruptive  rocks  here  developed ;  this  is  followed 
by  an  account  of  the  geology  of  the  syenite  and  nephelite-syenite 
veins  of  the  special  region  under  examination,  namely  that  be- 
tween the  Christiania  and  Langesund  fjords.  This  region  has 
long  figured,  somewhat  inaccurately,  in  mineralogical  tex^book8 
under  the  name  of  Brevig,  a  place,  however,  which  lies  just  cat- 
side  its  proper  limits.  This  latter  part  of  the  subject  carries  as 
over  a  most  instructive  discussion  of  the  paragenesis  of  the  min- 
erals peculiar  to  these  veins. 

The  special  portion  of  the  work  (655  pages),  which  forms  the 
bulk  of  the  volume,  is  devoted  to  the  minute  description  of 
the  mineral  species,  73  in  number.  How  rich  this  is  will  be  in 
part  appreciated  from  the  fact  that  some  ten  new  species  are 
here  described,  while  of  many  old  species  we  have  monographs 
of  the  first  importance.  Of  the  new  species,  a  number  have 
already  been  briefly  cliaracterized  in  this  Journal  (xxxv,  416) 
from  a  preliminary  article  by  the  author  published  in  1887. 
These  are:  Barkevikite,  calciothorite,  melanocerite,  nordenskidld- 
ine,  rosenbuschite.  Besides  these  we  have  descriptions  of  the 
following :  Hambergite,  a  borate  of  beryllium  in  orthorbombic 
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crystals ;  Johnstrupite,  a  titano-silicate  of  the  cerium  metals. 
calcium,  sodium,  etc. ;  it  is  allied  to  raosandrite,  and  near  it  in 
crystallization ;  Hiobdtdahlite,  a  fluo-silicate  of  zirconium,  cal- 
cium, sodium ;  it  occurs  in  tabular  triclinic  crystals  near  wdhlerite 
in  form  ;  Kabyocerite,  a  silicate  containing  boron,  thorium,  the 
ceriara  metals,  calcium  and  others  in  smaller  amount ;  occurs  in 
rhombobedral  crystals,  tabular  in  habit ;  WEiBYErrE,  a  carbon- 
ate of  the  cerium  metals  near  parisite.  The  descriptions  of  these 
new  species  are  models  of  thoroughness,  and  not  less  valuable  are 
the  monographs  on  hydrargillite,  the  species  of  the  thorite,  sodalite 
nephelite,  mica,  pyroxene,  amphibole  and  feldspar  groups,  also 
l&venite,  leucophanite,  homilite,  acmite  and  aBgirite,  and  many 
others.  On  the  chemical  side  the  author  has  had  the  assistance 
of  Professor  Cleve  and  other  chemists  whose  many  careful  analy- 
ses add  much  to  the  value  of  the  work.  Mineralogists  owe  their 
thanks  not  only  to  the  author  and  those  who  have  directly  aided 
him,  but  also  to  the  editor  and  publisher  of  the  journal  of  which 
this  work  forms  the  sixteenth  volume. 

5.  CcUcUogne  of  Minerals  for  sale  by  George  Z.  English  db  Co, 
Philadelphia,  1890. — This  catalogue  contains  a  convenient  list  of 
the  species  arranged  as  in  Dana's  System  (with  appendixes)  and 
including  also  others  of  recent  date.  The  volume  is  issued  in 
attractive  form  and  its  value  is  increased  by  the  republication  of 
a  number  of  papers,  with  figures,  on  copper  arsenates  from  Utah, 
phenacite,  bertrandite,  etc.  from  Colorado,  beryllonite  from  Maine, 
and  others. 

III.  Botany. 

1.  Catalogue  of  Plants  found  in  New  Jersey ;  by  N.  L. 
Britton,  Ph.D.,  Trenton,  N.  J.,  1889,  pp.  642. — Dr.  Britton,  of 
the  Torrey  Herbarium,  Columbia  College,  published  in  1881,  a 
preliminary  Catalogue  of  New  Jersey  Plants,  and,  in  1888,  in 
conjunction  with  five  associates,  a  preliminary  catalogue  of  the 
flowering  plants  and  ferns  reported  as  growing  spontaneously 
within  one  hundred  miles  of  New  York  City.  In  the  latter,  the 
nomenclature  was  revised  and  corrected  by  Dr.  Britton  and 
Messrs.  Sterns  and  Poggenburg.  The  present  catalogue  preserves 
the  nomenclature  employed  in  the  earlier  work.  To  the  lists, 
Mr.  Ran  contributes  the  Sphagna,  while  the  rest  of  the  Bryophyta 
have  been  arranged  by  Mr.  l^u  and  Mrs.. Britton,  after  the  C.  F. 
Parker  list.  Mr.  Rau  has  given  also  a  list  of  Hepaticse.  Dr.  T. 
F.  Allen  takes  the  Characeae,  and  D.  Eckfeldt  the  Lichens,  basing 
his  enumeration  on  Professor  Tuckcrman's  determinations  of  Mr. 
Austin's  collections.  The  catalogue  of  Marine  Algse  is  contrib- 
uted by  Mr.  Martindale,  and  the  Fresh-water  forms  by  Rev.  F. 
Wolle,  the  two  lists  being  combined  by  Dr.  Britton  into  a  single 
series.  The  Diatoms  are  given  by  Professor  Kain  ;  the  Fungi  oy 
Mr.  Ellis  and  Mr.  Gerard. 

From  Dr.  Britton's  interesting  tables  we  transcribe  the  follow- 
ing data  which  possess  much  more  than  a  local  importance. 
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The  State  of  New  Jei'sey  lies  between  the  parallels  of  38*  55' 
and  41''  21'  north  latitude,  and  the  meridians  TS""  55'  and  W  33' 
of  longitude  west  of  Greenwich,  comprising  somewhat  above 
8,000  square  miles  in  area.     Within  these  limits  there  are  foand: 

Dicotyledoneae 1,348 

MonocotyledoneaB 558 

Total  Angiospermae 1,906 

Total  Gymnospermse 13 

Total  Anthophyta 1,919 

Total  Pteridophy ta 76 

Total  Bryophyta 461 

Total  Thallophy ta 8,021 

Total  Protophy ta 164 

The  catalogue  will  prove  useful  not  only  to  local  collectors,  on 
account  of  the  great  care  with  which  tne  stations  have  been 
given  but  will  be  of  service  to  all  those  who  are  interested  in  the 
problems  of  geographical  botany.  G.  l.  g. 

2.  List  of  Plants. — We  have  to  note  the  following  recent  lists, 
mostly  with  annotations.  (1.)  A  list  of  plants  collected  by  Dr. 
E.  A.  Mearnes,  Arizona,  by  Db.  N.  L.  Bbitton.  In  the  same 
number  is  printed  also  a  paper  by  Dr.  Rusby  on  the  general 
floral  characters  of  the  San  Francisco  and  Mogollon  Mountains 
of  Arizona  and  New  Mexico.  Trans.  N.  Y.  Acad.  Sc,  vol.  viii. 
(2.)  List  of  plants  collected  by  Dr.  E.  Palmer,  in  Lower  Califor- 
nia in  1889.  By  George  Vasey  and  J.  N.  Ross,  from  Proceed- 
ings of   U.  S.  National   Museum,   vol.  xi.      (3.)  List  of  plants 


collected  by  Dr.  E.  Palmer  in  1888,  in  Southern  California,  by 

Iso  by  the  same,  the  fol- 
lowing :  (4.)  List  of  plants  collected  by  Dr.  E.  Palmer,  at  Lagoon 


the  authors  of  the  list  above  noticed,  also  by  the  same,  the 


Head,  Cedros  Island,  San  Benito,  Guadalupe,  and  the  Head  of 
the  Gulf  of  California.  The  two  last  are  printed  as  No.  1  of  the 
Contributions  from  the  National  Herbarium,  Washington.  (5.) 
Plants  from  Baja,  California,  by  T.  S.  Brandagee,  including  sup- 
plementary papers  by  Dr.  George  Vasey,  Dr.  C.  F.  Mills- 
pa  ugh,  Dr.  H.  W.  Harkness,  and  others,  Proc,  Cal.  Acad.  Sc 
ser.  2,  vol.  ii.  (6.)  Provisional  list  of  the  Plants  of  the  Bahama 
Islands,  by  Professor  John  Gardiner,  University  of  Colorado. 

3.  Preparation  of  sections  for  the  study  of  the  development  of 
organs, — Goethart,  (Bot.  Zeit.  June  6,  1890)  makes  a  sugges- 
tion in  regard  to  the  use  of  Elder-pith  for  the  cutting  of  sections 
which  has  proved  useful  in  some  rather  troublesome  cases.  From 
the  pith,  a  long  vertical  slice  is  made  which  fits  by  means  of  a 
tongue  into  a  notch  on  the  larger  part,  and  thus  a  firm  grasp  is 
obtained  for  the  preparation  placed  between  the  two.  Around 
the  upper  part  a  very  thin  platinum  wire  is  wound,  and  the  whole 
is  then  placed  in  alcohol  to  harden.  Exceedingly  thin  sections 
can  be  made  in  this  manner ;  the  specimens  can  be  placed  at  will 
in  any  position  and  kept  there  firmly.  G.  L.  g. 
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4.  On  the  Ascent  of  colored  liquids  in  living  plants.— -In  Bot. 
Zeit.,  May  30,  Wieler  calls  attention  to  an  article  by  Goppels- 
ftOSDSB,  which  has  not  yet  come  directly  under  oor  bands. 
From  Wieler's  notice,  it  appears  that  a  very  large  number  of 
3oal-tar  colors  can  p^ss  into  the  plants  observed,  provided  the 
iolations  are  very  dilute.  Experiments  in  this  direction  were 
conducted  in  the  Botanical  Laboratory  of  Harvard  College  dur- 
ing the  past  winter,  by  two  students,  whose  work  is  nearly  ready 
for  publication.  From  their  studies  it  is  plain  that  there  is  a 
wide  difference  in  the  power  of  different  plants  to  absorb  these 
solutions,  and  there  are  also  very  great  differences  as  regards  the 
absorption  of  different  colors  by  any  single  plant.  In  some  in- 
stances it  has  been  possible  to  replace  one  color  by  another,  pro- 
vided the  roots  remain  sound.  Those  cultures  succeeded  best  in 
which  the  solutions  were  kept  very  slightly  acid,  as  was  naturally 
to  be  expected.  The  distribution  of  color  in  the  tissues  of  the 
plants  experimented  on  was  very  different,  even  in  the  same 
species.  It  has  been  impossible  to  resist  the  conclusion  that  in 
nearly  every  case  the  employment  of  the  liquid  introduced  a  dis- 
turbing factor,  the  effects  of  this  disturbance  being  diverse.  In 
the  case  of  seedlings  the  plants  were  prone  to  yield  to  attacks  of 
moulds,  and  speedily  decay.  Experimenters  must  keep  in  mind 
the  fact  that  colored  solutions  are  easily  absorbed  through  in- 
jured roots,  and,  further,  that  plants  with  injured  roots  can  live 
and  grow  slowly  for  a  considerable  time.  g.  l.  g. 

5.  Analytical  Key  to  the  Genera  and  Species  of  North  Amer- 
ican Mosses ;  by  Professor  C.  F.  Barnes,  Madison,  Wise. 
Pamphlet. — This  most  useful  work  is  distinguished  by  its  sharp 
lines  of  definition.  In  the  few  cases  in  which  we  have  put  it  to 
a  practical  test  it  has  made  short  work  of  difficulties.  It  supple- 
ments admirably  the  treatise  of  Lesquereux  and  James,    g.  l.  g. 

6.  Structural  and  Systematic  Botany ;  by  Professer  D.  H. 
Campbell.  Ginn  &  Co.,  Boston,  8vo,  253  pp.  The  author  has 
taken  for  his  work  the  title  which  Dr.  Gray  gave  to  his  compre- 
hensive treatise  very  many  years  ago,  and  which  survives  as  a 
minor  title  even  in  the  sixth  edition.  A  cursory  reading  im- 
presses us  favorably,  leading  us  to  believe  that  the  work  will  be 
useful  in  the  hands  of  judicious  teachers,  and  in  much  the 
same  way  as  the  excellent  treatise  by  Professor  Bessey.  With 
these  two  works  and  the  plain  practical  Plant- Dissection  by 
Professors  Arthur,  Barnes  and  Coulter,  botanical  students  are 
likely  to  have  enough  guidance  of  the  right  character.  The  ad- 
vice in  any  and  all  of  the  foregoing  handbooks  is  sound  and  safe, 
and  it  ought  to  do  very  much  toward  turning  out  a  large  num- 
ber of  earnest  workers.  g.  l.  g. 

IV.   Astronomy. 

1.  On  the  Spectrum  of  the  Nebula  in  Orion ;  by  William 
HuGGiNS  and  Mrs.  Huggins. — ^A  new  study  of  the  spectrum  of 
the  nebula  of  Orion,  with  improved  instruments  and  instrumental 
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methods,  and  under  more  favorable  conditions  for  observation, 
has  enabled  the  authors  to  determine  more  accurately  the  position 
and  character  of  the  principal  line.  The  position  determined, 
corrected  for  the  earth's  motion  and  assuming  that  the  nebula  has 
no  motion  of  its  own,  is  A  5004 '75.  A  comparison  with  the  bright 
line  of  a  hydrogen  vacuum  tube  confirmed  the  conclusion  reached 
in  1 874  that  the  nebula  has  very  little  of  any  sensible  motion  in 
the  line  of  sight.  It  is  also  shown  that  the  principal  line  is  not 
coincident  with  but  falls  within  the  termination  of  tne  magnesium- 
flame  band.  As  regards  the  character  of  the  principal  line  it  is 
found  that  it  is  sharply  defined  and  presents  nothing  of  the  pecu- 
liarity of  a  fluting.  Confirmatory  observations  by  other  astrono- 
mers are  quoted,  and  a  postscript  dated  June  15,  states  that  a 
telegram  received  from  the  Lick  Observatory  announces  that  Mr. 
Keeler  had  confirmed,  in  2  5,  the  position  assigned  to  the  princi- 
pal line,  namely,  as  not  coincident  with  but  falling  within  the 
terminal  line  of  the  magnesic  oxide  band.  It  is  hence  certain 
that  the  chief  line  is  not  due  to  magnesium  or  its  oxide. 

A  second  paper  gives  some  important  results  of  an  examination 
of  new  photographs  of  the  spectrum  taken  March  14-17.  These 
photographs,  of  almost  the  same  part  of  the  nebula  as  the  photo- 
graph of  1889,  showed  the  lines  of  iiydrogen  at  h  and  at  H  strongly 
impressed  upon  the  plate,  though  these  lines  were  carefully  searched 
for  in  vain  in  the  former  photographs ;  also  the  first  two  lines  of 
the  ultra-violet  series  in  the  white  stars  described  in  1879.  Four 
of  these  lines  had  been  photographed  in  the  spectrum  of  hydrogen 
by  Dr.  H.  W.  Vogel,  in  1879,  and  the  entire  series,  with  the  ex- 
ception of  one,  has  been  since  obtained  by  Cornu  in  exceptionally 
pure  hydrogen.  The  line  or  at  A  3887*8  is  strong,  and  the  next 
line  yd  at  A  38:U'5,  though  much  fainter,  is  certainly  present 
Between  the  hydrogen  lines  a  and  (i  there  is  a  line  stronger 
even  than  a,  which  has  a  wave-length  of  about  A  3868.  No  line 
is  found  in  the  photograph  exactly  at  the  place  of  the  solar  line 
K ;  the  position  of  this  line  appears  to  correspond  to  a  gap  be* 
tween  two  lines  on  the  plate. 

The  strong  line  which  was  first  seen  in  a  photograph  of  the 
nebula  taken  in  1882  is  certainly  stronger  than  H;/,  ana  is  by  far 
the  most  powerful  line  in  the  photographic  region,  and  in  position 
it  is  found  to  be  slightly  less  refrangible  than  A  3724.  It  is  be- 
lieved the  line  will  be  found  to  fall  between  A  3726  and  A  3726. 
It  is  certain  that  the  line  does  not  coincide  with  any  one  of  the 
three  components  of  the  magnesic  oxide  triplet,  but  is  less  refran- 
gible than  the  middle  line  at  A  3724,  and  falls  between  this  line 
and  the  first  line  of  the  triplet  at  A  3730. 

A  marked  feature  of  the  lines  is  their  abruptly  different  inten- 
sities at  different  parts  of  their  length,  giving  the  blotchy  appear- 
ance which  is  characteristic  of  the  lines  in  the  visible  spectrum. 
These  brighter  blotches  are  sharply  bounded,  showing  that  the 
diflerent  parts  of  the  nebula  arc  distinct  and  become  suddenly 
brighter  than  the  neighboring  parts.     The  lines  of  the  new  pho- 
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l^raphd  contain  two  very  strong  and  abruptly-bounded  blotches, 
d  a  third  one  less  marked.  It  is  now  evident  that  this  differ- 
ce  in  two  parts  of  the  lines  indicates  a  different  condition  of  the 
bula  on  the  two  sides  of  the  star-spectra.  Other  lines  besides 
oee  described  in  this  note  are  present,  not  only  between  G  and 
but  also  on  the  more  refrangible  side  of  the  strong  line  about 
J725.— /Voc.  Boy.  Soc,  March  20,  April  16,  1890. 
2.  On  a  new  Group  of  Lines  in  the  Photographic  Spectrum 
'Sirius;  by  William  Huggins  and  Mrs.  Huggins,  (Proc.  Roy. 
•c.,  April  25.) — In  1879,  the  author  gave  an  account  of  a  series 
broad  lines  in  thejphotographic  region  of  the  spectrum,  char- 
teristic  of  Sirius,  Vega,  and  other  white  stai*s,  and  which  was 
entified  as  a  continuation  of  the  spectrum  of  hydrogen  beyond 
In  photographs  taken  since,  the  complete  series  of  the  hydro- 
n  lines,  including  0  and  z,  come  out  with  ^reat  distinctness, 
le  presence  of  another  group  of  broad  lines  was  suspected  some 
stance  farther  on  in  the  ultra-violet  region,  but  until  this  year 
ey  have  not  been  seen  in  the  photographs  with  sufficient  dis- 
ictness  for  even  approximate  measurement.  On  April  4th,  a 
totograph  of  the  spectrum  of  Sirius  was  taken  with  a  long  expo- 
re,  the  slit  being  made  very  narrow.  This  plate  shows  that  the 
ectrum  of  Sirius,  after  the  termination  of  the  hydrogen  series, 
mains,  as  far  as  can  now  be  seen,  free  from  any  strong  lines 
itil  a  position  as  far  in  the  ultra-violet  as  about  A  3338  is 
Acbed,  at  which  place  appears  the  first  of  a  group  of  at  least  six 
les,  all  nearly  as  broad  as  those  of  the  hydrogen  series.  The 
ird  line  of  the  group  about  A  3278  appears  to  be  the  broadest. 
It  they  are  all  broad,  though  even  in  this  photograph  they  are 
•t  seen  with  the  distinctness  which  is  necessary  for  ascertaining 
curately, their  relative  character.  The  sixth  line  occurs  where 
e  spectrum  is  faint,  almost  at  the  limit  of  this  photograph,  which 
18  taken  when  Sirius  was  some  distance  past  the  meridian,  and 
is  uncertain  whether  this  line  completes  the  group,  or  whether 
ere  may  not  be  other  lines  still  more  refrangible  belonging  to 
The  following  are  the  wave-lengths  determined,  but  they 
U8t  be  regarded  as  only  preliminary,  and  but  roughly  approxi- 
ate  measures  of  the  positions  of  the  new  lines : 

A3338    A3311    A3278    ;i  3254    A  3226    A3199 

V.    Miscellaneous  Scientific  Intelligence. 

1.  American  Association  for  the  Advancement  of  Science, — 
ie  d9th  meeting  of  the  American  Association  will  open  at 
dianapolis  on  Tuesday,  the  19th  of  August.  The  meeting  will 
I  the  60th  anniversary  of  the  organization  of  the  Association  of 
eologists  and  Naturalists,  in  whose  expansion  the  present  Asse- 
rtion began  its  existence.  The  president  for  the  meeting  is 
pof.  George  L.  Goodale,  of  Cambridge,  Mass. 
For  all  matters  pertaining  to  membership,  papers  and  business 
the  Association,  the  permanent  secretary.  Prof.  F.  W.  Putnam, 
ould  be  addressed  at  Salem,  Mass.,  up  to  August  15;  and  from 
ng.  15  to  Aug.  30,  the  Denison  House,  Indianapolis. 
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Dr.  George  W.  Sloan  is  chairman  of  the  Local  Committee. 
Members  of  the  Association  arriving  in  Indianapolis  before  the 
meeting  should  call  for  information  at  the  temporary  office  of  the 
local  secretary,  Alfred  F.  Potts,  No.  19^  N.  Pennsylvania  street 

The  American  Geological  Society  will  hold  its  serai-annual 
meeting  at  the  State  House,  on  August  19. 

2.  HailstOTUis  of  peculiar  form;  by  O.  W.  Huntington.  (Com- 
municated).— During  a  severe  thunder  storm  at  Asquam  Lake, 
Holderness,  N.  H.,  on  July  14th,  there  was  a  fall  of  large  bail- 
stones  continuing  for  some  10  minutes.  On  examination,  many  of 
the  stones  proved  to  be  sharply  defined  crystals  having  the  form 
of  a  double  hexagonal  pyramid,  resembling  dodecabedral  qaartz; 
others  were  rounded  and  flattened  and  some  had  a  spherical 
nucleus  with  smalt  partially  formed  crystals  projecting  from  it 

3.  OsioaUVs  Klaasiker  der  exacten  Wissenschaften.  Leipzig, 
1890.  (Wm.  Engelmann.) — Recent  issues  in  this  valuable  geries 
(this  Journal,  vol.  xxxviii,  256)  are  the  following: 

No.  4.  Untersuchungen  ueber  das  Jod,  von  Gay  Lussac  (1814). 

No.  5.  Allgemeine  FlachcDtheorie  (Disquisitiones  p^nerales  circa  superficies 
curvas),  von  Carl  Friedrich  Gauss  (1827). 

No.  6.  Ueber  die  Anwendung  der  Wellenlehre  auf  die  Lehre  vom  Kreislaufe 
des  Blutes  und  insbesondere  auf  die  Pulslehre,  von  E.  H.  Weber  (1850). 

No.  7.  Untersuchungen  ueber  die  Lange  des  elnfachen  Secundenpendels,  tod 
F.  W.  Be8sel(1826). 

No.  8f  Die  Grundlagen  der  Molekulartheorie.  Abhandlungen,  von  A.  Avogadro 
und  Ampere  (1811-1814). 

No.  9.  Thermochemische  Untersuchungen,  von  G.  H.  Hess  (1839-1842). 

No.  10.  Die  mathemalischen  G^setze  der  inducirten  elektrischen  Strome,  tod 
Franz  Neumann  (1845). 

No.  11.  Unterredungeu  und  mathematische  Demonstrationen  uber  zwei  neue 
Wissenazvveige  die  Mechanik  und  die  Fallgesetze  betreffend,  von  Galileo  GalikL 
Erster  und  zv\reiier  Tog  (1638). 

No.  12.  Allgemeine  Naturgeschichte  und  Theorie  des  Himmels  oder  Versueb 
von  der  Verfassuug  uiid  deui  mechauischen  Ursprunge  des  ganzen  Weltgebaudea 
nach  Newtonischen  Gruudsatzen  abgehandelt  von  Immanuel  Kant  (1756). 

Obituary. 

Christian  IIknry  Frederick  Peters,  the  ever  active  and 
accomplished  astronomer,  at  the  head  of  the  Observatory  of 
Hamilton  College,  Clinton,  N.  Y.,  died  on  the  19th  of  July,  in 
his  77th  year.  In  1888,  having  two  years  before  taken  the 
degree  of  Doctor  of  Philosophy  at  Berlin,  he  was  with  von  Wal- 
tershausen  in  his  study  of  Mt.  Etna,  and  afterward  on  the  Geodetic 
Survey  of  Naples,  After  the  revolution  of  1848  he  left  Italy,  and 
in  1853  came  to  the  United  States.  He  received  an  appoiotment 
from  the  U.  S.  Coast  Survey,  and  was  for  a  while  at  the  Cam- 
bridge and  then  the  Albany  observatory,  before  his  call  in  1858 
to  Hamilton  College.  His  laborious  work  of  mapping  the  stars 
was  rewarded  by  the  discovery  of  forty-seven  asteroids.  In 
1882  a  first  series  of  his  "Celestial  Charts,"  twenty  in  number, 
was  published.  His  results  also  include  observations  on  comets, 
on  solar  spots,  on  the  Transit  of  Venus  on  the  New  Zealand  Expe- 
dition in  1874,  when  he  took  237  photographs,  and  observations 
at  the  Solar  Eclipse  of  1869,  at  Des  Moines,  Iowa. 
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APPENDIX. 


T.  XXI. — Notice  of  some  Extinct  Test/ud^nata :    hy 
O.  C.  Marsh.    (With  Plates  VII  and  VIII.) 

E  remains  of  various  Testudinata,  some  of  special  inter 
lave  recently  been  examined  by  the  writer.  A  brief 
iption  of  a  few  of  these  is  given  below,  and  this,  with  the 
«  on  the  accompanying  plates,  will  make  known  their 
characters.  Descriptions  of  other  important  specimens 
3  same  group  will  be  given  in  later  communications. 

Glyptops  ornatus^  gen.  et  sp.  nov. 

3  present  genus  is  represented  by  a  number  of  charac- 
c  remains,  among  the  most  interesting  of  which  is  the 
shown  on  Plate  V II,  figure  1,  which  may  be  considered 
pe  specimen.  A  striking  feature  of  this  skull  is  that  its 
external  surface  is  elaborately  sculptured.  This  charac- 
itherto  unknown  in  the  Testudinatti^  has  suggested  the 
proposed. 

its  general  features,  this  skull  resembles  that  of  Ckelydra 
dina^  Lin.  It  is  wedge-shaped  in  form,  when  seen  from 
,  as  sliown  in  figure  1.  The  orbits  are  small,  and  well  in 
The  nasal  opening  is  directed  upward,  rather  than  for- 
The  premaxillaries  project  downward  in  front  into  a 
like  beak.  The  nasals  appear  to  be  distinct.  The  max- 
s  are  deeply  grooved  below,  but  show  no  indications  of 
eeth.  The  skull  is  roofed  over  posteriorly,  as  in  Chelone, 
)me  other  sea-turtles. 
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Portions  of  two  otlier  skulls  beside  the  type  specimen  are 
preserved,  and  these  afford  several  additional  characters, 
ihey  belong  apparently  to  the  same  species. 

There  is  a  post-temporal  arch.  The  occipital  condyle  is 
nearly  round,  and  has  a  deep  pit  in  the  center.  The  condyle 
is  formed  entirely  of  the  basioccipital,  as  the  thin  exoccipital 
plates  do  not  reach  the  articular  surface.  The  basioccipital 
processes  are  prominent,  and  directed  backward.  The  ptery- 
goids separate  the  quadrates  and  the  basisphenoid.  At  their 
union  with  each  other,  they  are  much  constricted,  but  expand 
in  front.  The  quadrate  is  stout  and  curved,  and  its  articular 
face  is  deeply  notched. 

The  lower  jaws  referred  to  this  species  are  slender  and 
much  less  sculptured  than  the  skull.  The  dentary  bones  unite 
at  the  symphysis  by  a  short,  open  suture,  and  lorm  a  sharp 
elevated  point  to  meet  the  decurved  tooth-like  beak  above. 
The  upper  border  is  quite  sharp,  and  fits  well  into  the  deep 
alveolar  sulcus  of  the  maxillary. 

The  carapace,  represented  in  Plate  VII,  figure  2,  was  not 
found  with  the  skull,  and  may  possibly  represent  a  distinct 
form.  It  resembles  the  corresponding  part  in  Demvat^mm^ 
but  the  costals  do  not  meet  on  the  median  line.  It  has  tne 
complete  number  of  eight  neurals,  and  in  this  and  some  other 
characters  resembles  Helochelys^  von  Meyer,  from  the  Creta- 
ceous Greensand  of  Germany,  and  Pleurostemon^  of  Owen, 
from  the  English  Purbeck. 

The  plastron  of  a  third  individual  had  mesoplastral  bones, 
an  intergular  plate,  and  infrainarginals,  as  in  the  above  genera. 
The  pelvis  was  not  coossitied  with  the  carapace  or  plastron 
The  sculpture  of  both  carapace  and  plastron  is  similar  to 
that  of  the  skull. 

The  present  genus  appears  to  be  most  nearly  related  to 
Compsemys  of  Leidy,  from  the  Cretaceous,  but  as  the  skull  of 
that  genus  is  not  known  their  more  exact  relations  cannot  at 
present  be  determined. 

The  specimens  here  described  are  from  the  Atlantosaums 
beds  of  the  Upper  Jurassic  of  Wyoming,  and  hence  are  among 
the  oldest  known  American  turtles.  Tney  appear  to  represent 
a  distinct  family  which  may  be  called  the  GlyptopsidcB, 

Adocus  punctatus,  sp.  nov. 

The  type  specimen  of  this  species  is  in  part  represented  on 
Plate  Vlt,  figure  3.  The  plastron  belonging  with  tlie  cant- 
pace  shown  is  also  in  excellent  preservation,  rhe  skull  is  not 
known.  The  structure  of  the  carapace  indicates  that  this 
specimen  is  nearly  related  to  that  described  by  Leidy,  under 
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the  name  Emys  }>eatu%^  but  the  present  form  may  be  distin- 
gaishcd  by  the  deep  distinct  pits  which  mark  the  whole 
external  surface. 

The  plastron  shows  evidence  of  an  intergular  plate,  and 
inframarginals.     There  is  no  mesoplastron. 

The  nearest  living  form  is  probably  Dennateviys^ .  from 
Central  America. 

The  present  specimen  is  from  the  Cretaceous  of  New  Jersey. 

'  Testiido  brorUops,  sp.  no  v. 

The  present  species  includes  the  largest  American  tortoises 
known,  living  or  extinct.  The  type  specimen,  represented  on 
Plate  VIII,  one-twelfth  natural  size,  is  not  more  than  one-half 
as  large  as  some  seen  by  the  writer  in  the  Miocene  of  Dakota, 
near  the  base  of   the  JBrontotherium  beds.     They   were  sur- 

fassed  in  size  only  by  the  gigantic  forms  from  the  Pliocene  of 
ndia. 

The  present  species  is  very  nearly  related  to  the  recent 
Testudo  dephantopiis^  Harlan,  from  the  Galapagos  islands, 
and  to  the  huge  forms  from  Madagascar.  It  diners  from  the 
former  in  the  presence  of  a  nuchal  plate,  and  from  both,  in 
the  long  median  suture  between  the  first  marginal  plates. 
The  anterior  portion  of  the  plastron,  moreover,  projects  con- 
siderably in  front  of  the  carapace.  Other  distinctive  features 
are  shown  in  the  ligures. 

The  specimen  here  described  was  secured  by  Mr.  J.  B. 
Hatcher,  from  the  lower  Miocene  of  Dakota. 

New  Haven,  Ck>Dn.,  July  18th,  1890. 


KXPLANATIONS  OP    PLATKS. 

Plate  VII. 

PiorRE   I. — Skull  Glyptops  ornatits,  Marsh;  top  view;  natural  size. 

Figure  2. — Carapace  of  same  species;  top  view;  one-fourth  natural  size. 

Figure  3. — Carapace  of  Adocus  punctcUtu^  Marsh ;  top  view ;  one-eighth 
natural  size. 

Plate  VIII. 

Figure  1. — Testudo  brontops,  Harsh;  front  view. 
Figure  2. — The  same  specimen ;  top  view. 
Figure  3. — The  same ;  bottom  view. 
All  the  figures  arc  one-twelflh  natural  size. 

*  Cretaceous  Reptiles,  page  107,  Plato  XVIII,  figure  I,  1865. 
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RT.  XXII. — Rocky  Mountahi  Protaxis  and  the  PostrCreta- 
ceoits  Mountain-making  along  its  course  /  by  J.  D.  Dana. 

The  Rocky  Mountain  Protaxis,  or  Summit  Archaean  range — 
hich  includes  the  Front  Range  of  Colorado  and  Montana, 
id  is  continued  in  British  America  to  the  parallel  of  52i°, 
id  beyond  this  in  some  isolated  areas — was  described,  in  my 
oronto  paper,*  as  having  an  eastward  bend  in  Montana  and 
Wyoming  through  more  than  250  miles  of  latitude.  It  was 
ated  that  owing  to  this  eastward  stove  of  the  grand  line  of 
eights,  the  United  States  have  a  Pocky  Summit  area  of  great 
•eadth  west  of  the  protaxis,  and  that  this  summit  area  oi  the 
'otaxis  is  continued  into  British  America  east  of  the  axis, 
he  latter  was  proved  to  be  the  true  continuation  of  the  for- 
er  by  references  (1)  to  its  having,  in  the  main,  the  same  rocks 
the  same  succession  to  the  top  of  the  Cretaceous,  as  is  shown 
1  a  colored  geological  map  by  the  course  of  the  western  out- 
le  of  the  green-colored  Cretaceous  areas,  and  (2)  by  the  evi- 
ince  that  both  areas  participated  alike,  and  together,  in  the 
ocky-summit  upturning  closing  the  Cretaceous  period,  this 
iing  sustained  by  the  observations  of  the  Canadian  geologists. 
It  was  further  remarked  that,  aligned  with  the  Canadian  or 
►rtheni  part  of  the  Archaean  protaxis,  there  was,  to  the  south, 
I  interrupted  continuation,  10,000  to  12,000  feet  high,  for  a 
•ndred  miles  along  the  Wasatch  Mountains ;  and  that  this 
ige,  which  King  sliowed  to  be  near  the  eastern  limit  of  the 
'eat  Basin,  was  the  true  western  limit  of  the  "  Rocky  Sum- 
t "  region. 

*  Bull.  Geol.  Soc.  of  America,  i,  36. 
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I  return  to  the  subject  to  illustrate  further  the  characters  of 
the  Rocky  Mountain  protaxis  and  the  results  of  post-Cretaceous 
mountain-making  along  it,  deriving  the  facts  presented  from 
the  U.  S.  Government  Geological  Survey  and  that  of  the 
Canadian  Dominion. 

1.  Comparative  Features  of  the  Eastern  and  Western  Protaxu. 

1.  The  bend  in  the  Western  Protasis  rel<ited  in  origin  to 
that  in  the  Eastern, — In  my  paper  on  the  Eastern  Arch»an 
axis,  in  the  last  volume  of  this  Journal,  I  point  out  the  fact 
that  the  Green  Mountain  protaxis  had  a  landward  bend  oppo- 
site the  southern  extremity  of  the  Archaean  continental  nucleue, 
the  nucleal  V ;  and,  in  a  note  to  page  379,  the  great  bend  in 
the  Rocky  Mountain  protaxis  is  referred  to  as  similarly  situated 
abreast  oi  the  termination  of  the  V.  This  correspondence  in 
the  two  suggests  similarity  of  origin ;  and  we  can  hardly  donbt 
that  the  bends  were  there  made  because  the  V  there  termin- 
ates ;  that  the  lateral  thrust  landward  in  direction  which  out- 
lined the  V,  and  later  determined  the  existence  and  position 
of  the  protaxis,  encountered  diminished  resistance  where  the 
nucleus  loses  its  emergence,  and  that  it  hence  shoved  the  hue 
of  uplift  farther  inland. 

As  regards  the  eastern  protaxis  this  origin  of  the  bend  is 
recognized  in  the  first  edition  of  my  Geological  Manual  (1863, 
p.  737),  where  I  say  "  The  Azoic  [Archaean]  nucleus  of  North 
America,  spreading  southward,  formed  a  peninsula  in  northern 
New  York.  Even  this  bend  in  the  nucleus  continues  in  the 
finished  continent:  for  New  England  has  the  same  outline. 
Its  east  and  south  outlines  are  but  a  repetition  of  the  east  and 
south  coast-lines  of  the  old  Azoic  peninsula.  This  exact  copy- 
ing of  the  nucleus  by  the  growing  continent  proves,  better 
than  all  other  evidence,  the  grand  fact  that  the  progress  has 
been  through  oscillating  forces  acting  against  the  stable  Azoic 
nucleus."  The  dependence  of  continental  mountain-making 
on  Archaean  features  was  thus  fully  recognized. 

Differences  hetween  the  two  protaxes, — The  eastern  or  Green 
Mountain  protaxis  is  essentially  simple  in  its  course,  notwith- 
standing the  bend  ;  the  western  was  made  a  divided  chain  in 
consequence  of  the  bend.  The  eastern  protaxis  is  the  eastern 
or  sea-ward  limit  of  the  geological  formations  of  the  Conti- 
nental Interior  from  the  close  of  the  Lower  Silurian  onward. 
But  the  main  branch  of  the  western  protaxis,  south  of  the 
bend,  that  of  the  Front  Range  and  its  continuation  southward 
to  Mexico,  is  not  the  western  or  sea-ward  limit  of  any  of  the 
geological  formations,  and  even  the  Cretaceous,  the  last  of  the 
Mesozoic  series,  extends  west  to  the  Wasatch  line.  This  Wasatch 
line  may  hence  l)e  well  designated  the  western  of  two  summit 
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anches  of  the  protaxis.  The  Rocky  Summit  region,  men- 
med  above,  is  situated  accordingly  between  two  protaxial 
anches,  the  Front  Range  branch  and  the  Wasatch.  Moreover, 
e  former,  although  much  the  higher  and  most  complete,  was 

least  stratigraphica!  significance.  The  Wasatch  lipe  reaches 
height  between  11,000  and  12,000  feet ;  but  the  most  of  it 

under  a  cover  of  later  rocks.  The  western  ouline  of  the 
retaceous  areas  shows  its  course,  from  the  Wasatch  range, 
B8i  of  south,  to  the  crossing  of  the  parallel  of  37°  N.  by  the 
eridian  of  115°  W. 

The  Mountain-making  along  the  Rocky  Mountain  Protaxis  at 

the  close  of  the  Cretaceous  period, 

1.  In  British  Afnerica, — The  results  of  the  summit  post 
retaceous  disturbance  in  British  America  for  a  few  degrees 
)rth  of  the  United  States  boundary  have  been  studied  and 
^scribed  by  Dr.  G.  M.  Dawson  and  Mr.  R.  Q.  McConnell,  and 
e  reported  upon  in  the  Canada  Geological  Reports  for  1885 
id  1886.  According  to  the  accounts,  a  north-south  belt 
venty  to  seventy-five  miles  wide,  between  the  parallels  of 
>°  N.  and  52°  N.,  was  shoved  up  into  flexures  and  as  dis- 
aced  blocks.  The  western  boundary  of  the  disturbed  region 
the  protaxial  Archaean  mountains  along  the  Columbia  River ; 
e  eastern  reaches  out  some  miles  into  the  great  central  Creta- 
ous  area  of  the  Continent.  It  comprises  the  region  of  grand 
ountain  scenery  along  the  summit  pass  of  the  Canadian 
icific  Railway  which  is  there  called  the  Rocky  Mountains. 
A  transverse  section  along  the  parallel  of  51°  15',  showing 
e  flexures  and  displacements,  is  described  and  figured  by  Mr. 
cConnell.  Through  the  western  two-thirds  of  the  range, 
Its  of  Cambrian  rocks,  Lower  and  Upper  Silurian,  Devonian 
d  Carboniferous  alternate,  as  a  consequence  of  overthrust 
txnres  and  an  occasional  fault.  In  the  eastern  third — about 
^enty-five  miles  across — Cretaceous  belts  are  comprised  in  the 
ries,  and  the  strata  are  partly  in  flexures  but  mostly  in  steep 
Dnoclinal  uplifts  along  seven  upthrust  faults,  the  thrusts  all 
land  in  direction  of  movement.  One  north-south  Cretaceous 
It  follows  the  course  of  the  Cascade  River  Valley,  or  the 
Cascade  Trough." 

The  thickness  of  the  Paleozoic  formations  in  the  region  is, 
cording  to  Mr.  McConnelTs  estimates  in  the  Bow  and  Wapta 
alleys,  about  29,000  feet ;  and  to  this  the  Cretaceous,  to  the 
3tward,  adds  5000,  making  in  all  34,000.  Out  of  the  84,000 
3t  of  beds  in  the  section  at  least  a  third  is  referred  to  the 
imbrian,  and  more  than  half  is  included  within  the  Cam- 
ian  and  Lower  Silurian  series.  The  Upper  Silurian  and 
jvonian  are  relatively  thin  formations. 
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The  rocks  comprise,  approximately,  10,000  feet  of  Lower  Cam- 
brian shales  and  quartzytes,  in  which  have  been  found  species  of 
OUnelluSy  1100  feet  of  dolomites,  the  lower  part  affording  Para- 
doxides  and  the  upper  Lower  Silurian  fossils,  1600  feet  of  Lower 
Silurian  graptolitic  schists,  1300  feet  of  Upper  Silurian  limestone 
with  Halysitea^  1500  feet  of  Devonian  limestone,  5100  feet  t)f 
Carboniferous  limestones  and  shales,  probably  Devonian  below, 
and  5000  feet  of  Cretaceous  beds  anterior  to  the  Laramie. 

Figure  1  represents  a  portion  of  Mr.  McConnelPs  section  east 
of  the  Sawback  Range  crossing  Cascade  Trough.     It  represents 
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Section  across  the  Cascade  Valley  Cretaceous,  with  the  Cascade  Mountains  on 
the  west;  Cb,  Carboniferous;  D,  Devonian;  C,  Cambrian. 

the  Carboniferous  formation  and  Devonian  shoved  up,  along  a 
fault,  over  the  Cretaceous  of  the  Cascade  Trough ;  while,  to 
the  eastward  the  Cretaceous  rests  conformably  on  the  Devo- 
nian and  Carboniferous ;  and  then  another  great  upthrust  fault 
puts  the  Devonian  above  the  Cambrian. 

Figure  2  represents  an  overthrust  synclinal  in  the  Cretaceous 
beds  of  the  Cascade  Trough,  25  miles  south  of  Mr.  McCon- 


^^^'m^mm 


Flexure  in  the  Cretaceous  of  the  Cascade  Trough. 

nell's  main  line  of  section,  the  whole  breadth  of  which  is  about 
two  miles.  On  the  west  side  of  the  flexures,  the  Devonian  and 
Carboniferous  rise  at  a  very  steep  angle ;  and  they  appear  to 
have  once  stood  as  a  great  inclined  anticlinal  bending  over  the 
Cretaceous. 


Cb,        Cba  Cb,  Cb,  D  C 

Section  of  mountains  along  Devil's  Lake  Valley,  east  of  section  in  fig.  1. 

In  flgure  3  a  section  is  shown  of  the  beds  east  of  those  of 
figure  1,  along  Devil's  Lake  Valley.     The  rocks  of  the  whole 
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Paleozoic  series  are  here  shoved  up  so  as  to  bring  the  Cam- 
brian, C,  into  view.  The  Cambrian  extends  eastwara  in  a  broad 
anticline  with  the  Devonian  above,  and  is  so  continued 
to  and  over  the  Cretaceous  of  the  foot-hills,  as  is  seen  in  the 
following  section,  ligure  4,  taken  a  little  to  the  south,  on  the 

4. 


Cbi  Cb»  D  C  Cr  Cr 

Section  across  the  Cascade  Valley  Cretaceous. 

South  Fork  of  Ghost  River.  The  actually  observed  overlap  in 
this  section  made  bj  the  older  beds  amounts  to  nearly  two 
miles.  "  The  vertical  displacement  is  over  15,000  feet,  and  the 
estimated  horizontal  displacement  of  the  Cambrian  beds  is 
about  seven  miles  in  an  easterly  direction."  The  sinuous  out- 
crop of  the  plane  of  junction,  says  Mr.  McConnell,  is  exactly 
like  the  line  of  contact  of  two  nearly  horizontal  formations. 
The  overlying  Cambrian  stratum  is  bleached  and  cracked  from 
the  friction  and  ''  some  enclosed  argillaceous  beds  are  con- 
verted into  schists" — a  fact  not  surprising  since  more  than 
15,000  feet  of  strata  had  a  long  move  eastward  in  the  over- 
thrust.  At  one  point,  fossils  of  the  Benton  Cretaceous  were 
found  in  the  beds  under  the  Cambrian  limestone,  while  two 
miles  north  the  latter  limestone  yielded  Cambrian  fossils,  so 
that  the  demonstration  of  the  overthrust  was  complete. 

Mr.  McConnell  observes,  in  explanation,  that  in  the  Appala- 
chian region,  "  the  valley  of  East  Tennessee  presents  an  almost 
identical  structure,  and  Professor  J.  M.  Safford's  interesting 
section  across  this  valley  might  almost  be  taken  for  an  illus- 
tration of  the  structure  of  this  part  of  the  Rocky  Mountains." 
As  in  his  section  of  fifty  two  miles,  with  "eight  great  faults," 
and  "  no  great  flexures "  crowded  together,  "  the  incipient 
folds  split  open  longitudinally  and  the  southeastern  side  of 
each  heaved  up,  and  over  the  northwestern,"  so  it  is  essentially 
in  the  Rocky  Mountain  region  described,  except  that  the  direc- 
tion of  up-thrust  is  reversed ;  and  yet  it  is  tne  same,  since  in 
each  it  is  landward.  West  of  the  Sawback  Range,  between  it 
and  the  valley  of  the  Columbia,  the  facts  are  different  in  that 
"  ordinary  and  overturned  folds  play  the  most  important  rdle. 
The  greater  part  of  the  district  has  also  been  subjected  to 
regional  metamorphism,  and  all  the  beds  except  the  purer 
limestones  are  in  a  more  or  less  altered  condition."  The  only 
fault  indicated  in  the  section  is  a  down-throw  fault. 

These  concordances,  or  rather  identities,  with  Appalachian 
mountain  structure  are  of  the  highest  geological  interest. 
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Dr.  G.  M.  Dawson  (in  his  Report  on  the  portion  of  the 
Rocky  Mountains  between  latitudes  49°  and  51°  30'  in  the 
Canadian  Geological  Report  for  1885,  part  B)  describes  similar 
facts  from  the  Cascade  Trough,  and  the  region  just  south 
between  it  and  the  parallel  of  49°  N.  Through  much  of  the 
distance  there  are  two  to  three  Paleozoic  limestone  ranges  60(X> 
to  9000  feet  in  height,  with  intervening  north-south  Cretaceous 
belts,  and  the  Cretaceous  beds  are  upturned,  along  with  the 
Paleozoic,  through  a  belt  30  miles  or  more  wide.  As  one  of 
several  similar  facts,  we  cite :  The  "  Misty  Range  [north  of  lat. 
50°  30'  and  east  of  long.  115°]  is  with  little  doubt  a  gjreat  com- 
pressed anticlinal  of  limestone  overturned  eastward?'*  "The 
Cretaceous  shales  and  sandstones  pass  beneath  the  limestones 
at  an  angle  of  about  40°  and,  to  the  east  of  them,  are  thrown 
into  a  series  of  overlapping  folds."  At  the  Crow  Nest  Pass 
(lat.  49°  35'),  the  Carboniferous  beds  are  represented,  in  a  sec- 
tion on  his  map,  as  having  two  steep  eastwardly  overthniist 
flexures  against  the  area  of  Cretaceous  rocks;  and  in  another 
section,  taken  in  the  vicinity  of  the  Kootanie  Pass  (lat.  49^ 
25'),  the  Cretaceous  beds  of  the  foot-hills,  along  the  South 
Fork  of  Old  Man  River,  are  in  a  series  of  similar]^  overthrnst 
flexures.  Both  up-thnist  and  down-throw  faults  are  shown  in 
the  sections. 

The  Cambrian  beds  are  described  as  closely  resembling  those 
of  the  Wasatch  Mountains  in  lithological  characters  and  raritv 
of  fossils,  and  also,  even  more  closel}^,  those  of  the  Colorado 
Cailon. 

The  thickness  of  the  Cretaceous  rocks  of  the  Kootanie  series 
(Lower  Cretaceous)  at  the  north  Kootanie  Pass  (lat  49°  25'  K.) 
is  made  about  7000  feet ;  and  for  the  whole  Cretaceous  series 
in  the  mountain  region,  about  21,000  feet,  while  east  of  the 
disturbed  region  it  is  little  over  80(>0  feet. 

2.  In  the  United  States. — This  upturned  Rocky  Mountain 
belt  extends  far  northwestward  along  the  summit ;  but  how 
far  has  not  yet  been  ascertained.  Southward  it  is  continued 
through  Montana  into  western  Wyoming,  passing  the  eiistward 
bend  of  the  Archseaii  axis  in  lat.  4o°-47°  if.  Sections  of  the 
rocks  of  the  W^yoining  Range,  on  the  west  side  of  the  Green 
River  Basin,  and  also  of  other  ranges  in  the  region,  by  Mr.  A. 
C.  Peale,  published  in  the  Ilayden  Expedition  Report  for 
1877,  are  verv  similar  to  some  of  Mr.  McConnell's  in  rocks, 
flexures  and  upthrust  faulting,  and  in  thinists  of  Carboniferous 
beds  from  the  west  along  a  fault-plane  to  the  top  of  the  Creta- 
ceous. The  Cretaceous  also  is  in  flexures.  The  thickness  of 
the  Paleozoic  and  Mesozoie  beds  is  made  about  31,000  feet. 
Moreover,  the  sections  from  western  Wyoming,  in  the  Report 
of  Mr.  O.  St.  John,  in  the  Ilayden  Report  for  1878,  are  of 
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similar  import  as  to  flexures  and  as  to  the  time  of  the  disturb- 
ance. 

Thus  the  great  bend  of  the  protaxis  is  passed  by  the  Paleo- 
zoic and  Cretaceous  formations  without  essential  change  of 
characteristics  either  in  kinds  of  rocks,  or  in  their  disturbed 
condition,  or  in  time  of  disturbance.*  It  is  of  especial  interest 
therefore  to  compare  these  regions  with  the  mountain  region 
farther  south,  that  of  the  Wasatch  and  Uinta,  very  fully  de- 
scribed, and  mapped  in  colors,  in  the  reports  of  the  40th 
Parallel.f  In  order  that  the  facts  and  conclusions  stated  by 
Mr.  King  in  his  *' Systematic  Geology"  may  be  the  better 
understood,  a  copy  of  the  map,  but  witnout  the  colors,  is  here 

§* ven  reduced  irom  the  large  map  of  the  Atlas  (21 X  27  in.\ 
ut  I  would  advise  all  readers  to  refer  to  the  original  map,  if 
possible,  as  it  is  the  grandest  exhibition  of  facts  pertaining  to 
an  individual  case  of  mountain-making  in  all  geological  litera- 
ture. 

The  following  facts  are  from  Mr.  King's  description  of  the 
region. 

1.  Rocks, — The  series  of  rocks  above  the  Archsean  involved 
in  the  post- Cretaceous  upturning  included  13,000  feet  of  Catn- 
hrian  (consisting  of  quartzyte  12,000  feet,  with  shales  and 
eilieeous  schists  and  containing  fossils  above  the  quartzyte; 
1000  feet  of  Sihtrian  (the  Ute  limestone) ;  2400  feet  of  Devo- 
nian (including  1000  to  1500  feet  of  Ogden  quartzyte,  and  the 
lower  1600  feet  of  the  7000  of  Wasatch  limestone) ;  Carbonif- 
erous series  (comprising  (1)  the  remaining  5400  feet  of  the 
Wasatch  limestone,  (2)  5000  to  6000  feet  of  Weber  quartzyte 
or  Middle  Carboniferous,  (3)  2000  feet  of  Upper  Coal-measure 
limestone,  and  (4)  650  feet  of  Permian) ;  making  in  all  about 
30,000  feet  of  conformable  Paleozoic  beds.  Above  this  series 
follow  conformably,  1000  to  1200  feet  of  Triassic  beds,  1600  to 
1800  of  Jurassic,  and  just  eastward,  in  the  Green  River  basins, 
the  Cretaceous  series  11,000  to  13,000  feet  thick  comprising  (1) 
the  Dakota  beds  500  feet,  (2)  the  Colorado  beds  1000  feet  (in- 
sluding  Fort  Benion,  Niobrara  and  Fort  Pierre  groups  of 
Meek  and  Hayden),  (3)  the  Fox  Hill  beds  3000  to  4000  feet, 
and  (4)  the  Laramie  beds  5o00  feet. 

Explanatiojis  of  the  map. — A  portion  of  Great  Salt  Lake  lies 
on  the  western  border  of  tiie  map  and  Utah  Lake  on  the  southern, 
within  a  valley  of  Quaternary  <leposii8  (lettered  Q),  which  has 

♦  The  only  prominent  difference  in  the  rocks  is  the  absence  or  non- recognition 
in  the  British  America  sections  of  the  Triassic  and  Jurassic. 

f  Geological  Exploration  of  the  40ih  Parallel,  under  Clarence  King:  vol.  i, 
Sysrtematic  Geology  by  Clarence  King,  804  pp.  4to,  1878,  with  many  maps  and 
plates ;  vol.  ii,  Descriptive  Geology,  by  Arnold  Hague  and  S.  F.  Emmons,  890 
pp.,  4to,  1877,  with  26  maps  and  many  plates. 
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a  height  above  tide-level  of  4200  to  4600  feet.  The  UnioD  Pacific 
R.  R.  crosses  the  country  from  near  Evanston  on  the  east  to 
Uinta,  Ogden  and  Corinne,  and  the  Denver  &  Rio  Grande  R.  R. 
goes  southward  from  Ogden,  by  Salt  Lake  City  to  Provo  and 
beyond.  The  Wasatch  Mountains  range  from  north  to  south 
east  of  the  sites  of  Ogden,  Salt  Lake  Uity  and  Provo,  rise  to  a 
height  for  the  most  part  of  10,000  to  12,000  feet,  and  have  an 
abrupt  front  to  the  westward,  the  declivity  on  this  side  occupying 
a  width  of  but  one  to  two  miles.  The  Uinta  Mountains,  an  east- 
west  plateau-like  range,  lie  east  of  the  southern  half  of  the 
Wasatch.  They  have  a  broad  slightly  arched  back  of  Carbonif- 
erous rocks,  mostly  10,000  to  13,000  feet  above  tide-level.  But 
only  a  fourth  of  the  long  range  comes  within-  the  limits  of 
the  map.  As  is  observed  on  the  map,  the  Uinta  and  Wasatch 
Mountains  are  connected  by  a  broad  neck,  mostly  under  igneous 
rocks  (lettered  fy  initial  of  fire)  about  8000  feet  in  elevation. 
The  Oquirrh  Mountains,  a  short  range  having  Carboniferous 
rocks  at  summit,  occupy  the  southwest  corner  of  the  map  and 
reach  a  height  to  the  south  (in  Lewiston  Peak)  of  10,62i<  feet 
The  large  open  area  on  the  map  east  of  the  Wasatch  Mountains, 
and  north  of  the  Uinta  plateau,  lettered  W,  and  mostly  5000  to 
7000  feet  in  height,  is  that  of  the  Wasatch  Eocene  Tertiary,  t 
southward  extension  properly  of  the  Green  River  Eocene  region 
of  Wyoming;  and  another  similar  area  south  of  the  Uinta  Mono- 
tains,'lettered  U,  9000  to  10,200  feet  in  elevation,  is  the  Uinta 
Eocene  basin.  On  the  east-middle  margin  of  the  map,  there  is 
a  small  piece  of  the  Hridger  Eocene  basin  outlined  and  lettered  B. 

Besides  the  large  Quaternary  area,  lettered  Q,  of  the  Salt  Lake 
region,  there  are  two  others  in  the  Uinta  Eocene  basin ;  another 
similarly  lettered  on  the  neck  between  the  Uinta  and  Wasatch 
Mountains ;  and  another  to  the  north  by  the  side  of  a  Carbonif- 
erous area  that  extends  north  to  the  foot  of  Bear  Lake. 

In  the  northwest  quarter  of  the  map  there  is  another  Tertiary 
basin  lettered  P,  which  is  referred  to  the  Pliocene  Tertiary;  and 
just  south,  a  second  similar  basin,  in  Ogden  Valley,  "a  depressed 
area  walled  in  by  high  mountains."  A  small  area  of  Quaternary 
on  the  northwest  corner  of  the  neck  between  the  Wasatch  and 
the  Uinta  is  omitted. 

The  streams  of  the  region  having  canons  of  geological  signifi- 
cance (but  with  one  exception  not  marked  on  the  small  map) 
are:  Jordan  River^  connecting  Utah  Lake  and  Great  Salt  Lake; 
Provo  River^  entering  Utah  Lake  near  Provo  and  flowing 
through  Provo  Valley  from  the  western  Uinta  slopes;  LittU 
Cottofiwoodf  which  flows  westward  and  reaches  the  western  base 
of  the  Wasatch  Mountains  at  L.  C. ;  Rig  Cottonwood,  JMfii  north 
of  the  last,  at  B.  C. ;  Weber  River,  which  rises  on  the  northwestern 
slopes  of  the  Uinta  Mountains  and  follows  the  railroad  from  Echo 
to  Ogden  and  reaches  the  lake  west  of  Ogden  ;  the  Ogdeu  River, 
which  drains  Ogden  Valley,  and  flows  through  a  canon  on  itM 
way  to  Salt  Lake. 


Map  or  thi  Wasatch  Uoitktaiks 
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The  style  of  marking  for  the  several  formationB  will  be 
learned  by  following  the  series  of  areas  along  the  railroad 
southeastward  from  above  Weber  to  Echo  Caflon  and  thence 
to  the  Uinta  Mountains:  the  Cainhnan  C,  black  with  fine 
white  lines ;  Silurian  S,  finely  cross-lined  (always  adjoining 
the  Cambrian) ;  Devonian  D,  dotted ;  Carboniferous  Co',  Cb*, 
Cb*,  corresponding  to  the  divisions  mentioned  above  except 
that  the  Permian  is  included  in  Cb' ;  Triassic  Tr,  marked  by 
Ts  ;  Jurassic  J,  finely  lined,  and  crossed  by  heavy  lines ;  Cre- 
taceous, Cr',  Cr',  Cr',  Cr*,  corresponding  to  the  subdivisions  of 
the  Cretaceous  above  stated,  the  last,  which  is  the  Laramie, 
being  finely  cross-lined. 

The  Archaean  areas  are  marked  with  small  Vs ;  and  regions 
of  trachy tic  eruptions,  by  the  letter/'  as  stated  above. 

The  only  liberty  taken  with  the  original  map  by  the  writer 
is  the  insertion  of  dotted  lines  to  indicate  the  continuations 
between  the  disjoined  parts  of  areas.  These  on  the  neck 
between  the  Uinta  and  Wasatch  Mountains  are  indicated  by 
the  section  at  the  bottom  of  the  original  map  as  well  as  by  the 
outcropping  areas  within  the  neck ;  and  the  others  are  plain 
followings  of  the  map  and  the  text,  except  for  the  Lower  Cre- 
taceous area  north  of  the  northwest  part  of  the  Uinta  Moun- 
tains. If  regarded  as  doubtful  beyond  this,  they  are  to  be 
taken  as  the  writer's  suggestions. 

AVe  come  now  to  the  orographic  facts.  1.  Along  the  western 
wall  and  summit  of  the  AVasatch,  the  larger  Archaean  areas 
are  numbered  1,  2,  3,  4;  1  is  the  most  northern;  2  is  east  of 
Ogden  ;  3  commences  abreast  of  ITinta  and  continues  for  abont 
25  miles  ;  4  has  its  summit  in  Lone  Peak,  11,295  feet  in 
height.  Just  east  of  the  last  there  is  the  isolated  Clayton 
Peak  (marked  by  Vs  on  the  map)  11,889  feet  high. 

The  Wasatch  Mountains  commence  to  rise  on  the  north, 
abreast  of  a  broad  synclinal  of  Paleozoic  rocks  from  Cambrian 
to  Carboniferous,  the  east  part  of  which  is  a  continuation  of 
the  Bear  Lake  Range,  9,000  to  10,000  feet  in  height.  Other 
isolated  Archtean  ridges  occur  north  of  and  within  Salt  Lake. 

The  general  dip  of  the  Paleozoic  formations  in  the  moun- 
tains is  eastward  from  G0°  to  25°.  The  line  of  strike  of  the 
outcrops  is  ])eculiar  in  having  large  in-and-out  bends  along  the 
rantje,  as  is  easily  seen  bv  followintc  the  black-lined  areas  of 
the  Cambrian  ;  there  is  a  bend  eastward  to  the  Weber  region, 
and  tlien  a  profound  bend  westward  through  the  gap  nearly 
18  miles  wide  between  the  Arcluvan  ridges  8  and  4,  abreast  of 
Salt  Lake  City,  making  a  synclinal  in  the  squeeze  through  the 
gap,  whose  broken-off  head  overhangs  and  confronts  the  Salt 
Lake  Valley ;  then  another  eastward  sweep  of  more  than  a 
semi-circle  around  '^  Lone  Peak ''  first  the  Cambrian  and  then 
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n,  Devonian  and  Carboniferous  belts,  all  which  keep 
jes  and  widths,  with  southeastward  and  northeast- 
of  45°,  heedinff  but  little  Clayton  Peak.  Thus,  as 
ows,  the  formations  under  the  mountain-making  pres- 
zig-zagged  abont  and  among  the  Archeean  heights. 
\ward  bend  abreast  of  Weber  is  deeper  on  the  map 
he  actual  bend,  because  of  the  erosion  along  the 
part  of  the  range  which  has  there  sunk  the  surface 
)90  feet.  But  the  westward  bend  abreast  of  Salt 
must  have  projected  its  head  much  farther  eastward 
nap  represents ;  any  attempt  to  complete  the  curves 
js  makes  this  evident.  The  dip  of  the  beds  in  the 
1  its  center  from  the  north  and  aputh  is  50°  to  60°. 
also  shows  that  in  the  range  south  of  the  Lone 
iflean  area,  the  Lower  Carboniferous  (Cb*)  is  doubled 
n  an  anticline  having  the  strike  of  the  mountains — 
shown  by  the  Devonian  line  along  its  center. 
►s  of  the  strata  and  general  facts  are  given  on  the 
Geological  Map  between  pages  760  and  761  of  Mr. 
port. 

^rmous  amount  of  warping  undergone  by  the  Ju- 
'  Cretaceous  beds  to  the  eastward  is  partly  indicated 
irses  of  the  outcrops.  From  the  Cambrian  outcrop 
3r  to  Echo  Oafion,  the  succession  of  formations  on 
icludes  the  whole  conformable  series  from  the  Cam- 
0  the  Laramie  (Cr*) ;  and  from  Echo  southeastward, 
3  reverse  of  the  series,  passing  from  the  Laramie  group 
ugh  the  successive  members  in  the  series  to  the  top 
ita  Range,  as  King  states  on  page  586,  where  are 
f  the  Middle  Carboniferous  (Cb').  The  dip  is  east- 
45°,  75°  to  70°  at  Cr',  and  then  20°  at  Cr*  where  it 
i  to  northwestward  in  a  syncline,  and  so  continues 
mit  where  it  is  4°  to  5°.  Consequently  the  warping 
a  svncline  at  Echo  Station. 

ks  of  the  Uinta  plateau  were  therefore  involved  in 
n  of  warping  which  eventuated  in  forming  the 
fountains.  All  the  isolated  areas  of  the  Cretaceous 
the  Wasatch  basin  also  show  the  warping ;  that  of 
ie  near  Evanston  having  eastward  dips  oi  25°  and 
hat  south  of  Evanston  being  an  anticline  with  dips 
ler  side  of  Cr'' ;  and  that  east  of  Evanston,  the  con- 
of  the  anticline  with  dips  of  60°.  The  small  area 
jous  (Cr')  south  of  Wasatch  has  dips  of  80°  west- 
fvard,  the  direction  corresponding  with  that  of  the 
outh. 

imit  beds  of  the  Uinta  plateau  dip  slightly  north- 
southward,  and   near  the  east  margin  of  the  map  it 
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has  the  great  height  of  12,892  feet*  The  Wasatch  range  is 
lower  than  the  Uinta,  but  also  steeper  and  narrower,  and  in 
the  making  it  was  far  more  roughly  wrenched  and  broken,  and 
hence  must  have  lost  much  more  by  erosion. 

The  great  area  of  trachyte  (35x9  miles)  over  the  interval 
between  the  Uinta  and  Wasatch  Mountains  and  the  two  small 
areas  on  the  same  northwest  line  in  the  low  Eocene  area,  the 
last  just  south  of  Weber,  indicate  that  *' the  entire  length  of 
this  trachytic  vent  was  about  fifty  miles."  This  outflow  is 
described  as  an  effect  of  the  mountain-making  movement&-4 
faulting  according  to  King. 

One  of  the  great  results  of  the  40th  Parallel  Survey  brought 
out  by  Mr.  King  is  the  establishing  of  the  fact  that  the  Great 
Basin,  between  a  line  near  the  Great  Salt  Lake  and  the  merid- 
ian of  117i°,  was  raised  above  the  sea-level  at  the  close  of  the 
Carboniferous,  or  simultaneously  with  the  making  of  the 
Appalachian  Alts.,  it  being  proved  that  the  Carboniferoitf 
rocKs  were  the  latest  marine  formation.  The  Oouirrh  Moon- 
tains  were  part  of  the  eastern  margin  of  tliis  Mesozoic  drv 
land.  No  Triassic,  Jurassic,  or  Cretaceous  beds  are  reported 
from  the  eastern  base  of  the  Oquirrh  or  the  western  of  the 
Wasatch  in  any  part  of  the  Salt  Lake  region,  or  over  the 
region  west  until  tiie  meridian  of  117^®  W.  is  passed. 

In  discussing  the  origin  of  the  Wasatch,  Mr.  King  states  the 
principle,  gathered  from  his  observations,  that  in  case  of  each 
great  mountain-making  flexure,  wherever  an  Archsean  moun- 
tain range  existed  beneath  accumulated  sediments,  there  a  fold 
had  taken  place.  He  observes  that  "in  the  case  of  the 
Wasatch,  it  is  seen  from  the  relations  of  the  old  Archffan 
underlying  range,  that  this  enormous  mountain  body  deter- 
mined the  existence  and  character  of  the  post-Cretaceous  fold.'* 
He  immediately  adds :  "  In  the  case  of  tlie  Uinta,  it  is  impos- 
sible to  say  how  far  underlying  Archaean  rocks  played  a  part. 
The  single  limited  outcrop  of  pre-Cambrian  rocks  at  Red 
Creek  (in  its  northeastern  side)  is  certainly  at  the  most  rup- 
tured and  actively  dislocated  point  of  the  whole  LTinta  Range.'' 
Mr.  King,  although  not  adopting  the  contraction  theory  of 
mountain-making  to  its  full  extent,  still  gives  to  tangential 
compression  a  prominent  place  in  the  process.  He  ob^ervee 
(on  page  752)  that  when  a  tilting  of  strata  against  an  Archaean 
ridge  has  taken  place  *Mt  is  evident  that  the  interval  of 
Arcluean  rock  must  have  been  compressed,  and  in  yielding  to 
this  force  the  Arcluean  bodies  have  developed  an  amount  of 
plasticity  which,  in  view  of  their  crystalline  nature,  is  very 
surprising."" 

*  This  high  region  is  continued  eastward,  and  in  the  next  quarter  of  the  rinne 
there  are,  among  the  heights,  Gilbert  Peak.  L3.6S7  feet,  and  Emmons  Fetl^- 
13,694  feet  each  near  the  meridian  of  110°  20'  W. 
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idering  the  extent  and  character  of  the  displacements, 
horizontal  overthruste,  in  the  Canadian  portion  of  the 
Mountains  described  by  McConnell,  the  conclusion  that 
ial  thrust  has  acted  likewise  in  the  case  of  the  Wasatch 
to  be  reasonable,  although  the  results  are  in  important 
iifferent.  And  it  can  not  be  questioned  that  the  force 
could  compress  and  reduce  to  plasticity  a  resisting 
in  mass  might  make  great  movements  of  Paleozoic 
ver  an  Archaean  surface,  inclined  or  not,  and  probably 
isticity  where  movement  was  effectually  resisted, 
facts  in  the  Wasatch  and  Uintah  region  come  therefore 
rmony  with  others  in  the  Rocky  Mountain  region,  and 
ito  near  likeness  to  those  from  the  Appalachians.  The 
ent  manifested  was  either  "  a  thrust  upward  and  east- 
:  the  whole  Archsean  body  when  the  Paleozoic  flexures 
ace "  (p.  48  of  Mr.  King's  Report),  or  its  compression 
rion  (p.  752),  or  else,  as  another  might  suggest,  a  thrust 
rd  of  the  sedimentary  strata  against  the  Archaean  range. 
>rphic  action  in  the  overlying  limestones  about  Clayton's 
mentioned  on  page  45  as  a  ''  mechanical "  result  during 
vements. 

le  preceding  explanations,  the  reported  facts  are  made 
their  own  story.  For  some  inferences  from  them  con- 
in  the  report  of  Mr.  King  I  am  unable  to  find  a  suffi- 
asis  in  the  facts.  Among  these  I  question  the  follow- 
lat  a  full  section  of  the  Mesozoic  and  Paleozoic  series, 

feet,  more  or  less,  then  existed  in  the  region  of  Salt 
Galley,  as  a  w^estward  continuation  of  like  beds  capping 
asatcli  Mountains;  that  along  a  fault-plane  following 
the  axis  of  the  Wasatch  Archaean  and  of  its  *'  capping 

sediments,"  the  western  mass  dropped  down  to  depths 
g  the  thickness  of  the  beds.     It  does  not  seem  certain 
y  great  fault  along  this  line  was  among  the  results  of 
t-Cretaceous  orographic  disturbance, 
reason  for  doubting  is,  first,  the  absence  of  direct  evi- 

for  no  outcrops  of  Mesozoic  beds  in  the  Salt  Lake 
are  reported,  and  no  proof  of  their  presence  there  as 

deposits  is  mentioned  or  has  since  been  observed, 
;h  deep  borings  have  been  made.  Again  the  Oquirrh 
tins  and  Wasatch  Range  are  but  twenty  miles  apart,  and 
milar  Carboniferous  rocks  at  summit  at  nearly  the  same 
and  without  other  sustaining  facts  it  is  hard  to  believe 
the  narrow  space  between  such  an  enormous  downthrow 
rial  ever  took  place. 

ing  stated  is  adverse  to  the  view  that  at  the  post- 
iferous  disturbance,  the  Wasatch  Range  (not  a  line  west 
long  Salt   Lake   as  the   Report  suggests)  became   the 


194      J.  D,  Dcma — Rocky  JUountain  Proteus  and  the 

eastern  margin  of  the  emerged  Great  Basin,  that  is,  the  (H>ast 
region  of  the  eastern  Mesozoic  seas,  in  which  the  Triaflric 
Jurassic  and  Cretaceous  rocks  were  formed;  and  if  so,  the 
Wasatch  Archeean  was  not  within  the  subsiding  area  over 
which  Mesozoic  sediments  were  laid  down,  but  part  of  the 
more  stable  outside  region,  like  the  Archaean  protaxis  north  of 
the  United  States  boundary. 

While  regarding  with  admiration  the  survey  of  the  Fortieth 
Parallel,  and  adopting  many  of  the  conclusions  presented  in  its 
Reports,  it  seems  reasonable  to  hesitate  here,  so  far  at  least  as 
to  pass  in  review  the  bearings  on  the  geological  history  of  the 
region  of  this  modification  of  its  views ;  and  I  therefore  pro- 
ceed to  state  the  sequence  of  events  which  appears  to  be  indi- 
cated by  the  reported  facts. 

1.  At  or  near  the  close  of  the  Paleozoic,  when  the  area  of 
the  Great  Basin  lying  to  the  east  of  the  meridian  of  117^°  W. 
emerged,  placing  its  latest  Carboniferous  rocks  more  or  lesa, 
))erhaps  but  little,  above  tide-level,  the  Wasatch  was  a  low 
Archsean  range  making  part  of  the  eastern  limit  of  the  Basin. 

2.  In  the  shallow  seas  to  the  eastward,  and  beyond  longitude 
117i°  W.  westward,  as  explained  by  King,  subsidence  was  still 
continued  ;  and  over  the  bottom,  made  of  Carboniferous  and 
other  older  rocks  (the  Carboniferous  of  the  Uinta  area  in- 
cluded), Triassic  and  Jurassic  beds  were  laid  down.  After- 
ward on  the  east.  Cretaceous  deposition  went  forward  over  the 
same  area  (but  with  probably  somewhat  contracted  limits),  the 
subsidence  still  going  on. 

3.  The  Triassic  and  Jurassic  formations,  compared  with 
those  of  other  regions,  are  thin,  and  hence  no  unusual  source 
of  sediment  was  needed  for  their  accumulation  and  no  great 
height  in  the  bordering  lands ;  but  by  the  time  the  Cretaceous 

f)eriod  began,  or  during  a  post-Jurassic  disturbance,*  the  dry 
and  had   probably  become  more  emerged  and  had  received 
some  permanent  additions. 

4.  During  the  post  Cretaceous  epoch  of  disturbance,  the  sedi- 
mentary formations  to  the  top  of  the  Laramie  were  thrust 
westward  against  the  stable  Archsean  rocks  of  the  Wasatch 
Range,  shoved  up  the  Archa?an  slopes,  forced  into  tortuouB 
flexures  among  t^ie  Archaean  ])eak8,  and  doubled  up  as  they 
were  pushed  through  the  gap.  How  much  of  the  flexeJi 
formations  pa^^sed  the  summits  cataclysmically  into  the  Salt 
Lake  area  of  the  time  has  passed  out  of  record  through  denuda- 
tion. 

*  I  refer  for  facts  with  rej^ard  to  such  a  disturbance  to  the  important  paper 
of  Mr.  S.  F.  Kmmous  in  the  First  volume  of  tlie  Bulletin  of  the  Geological  Sodetr 
of  America,  "  On  Orographic  Movements  in  the  Rocky  MountainSf"  p.  245. 
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This  move  of  the  accumulated  formations  from  the  Cam- 
n  to  the  Laramie,  in  the  latitudes  of  the  Wasatch,  was  part 
&  general  movement  that  extended  through  a  length  of 
}  miles  or  more  from  north  to  south,  it  including  the  mak- 
of  the  mountain  flexures  and  faults  in  Canada  described 
Mr.  McConnell,  and  how  much  farther  north,  we  do  not 
know. 

If  the  uplifts  were  anywhere  produced  through  lateral  or 
jential  thrust,  the  tangential  movement  was  general.     It 

thrust  from  west  to  east  and  the  reverse,  producing  sur- 
t  movements  according  to  resisting  conditions,  the  oro- 
tic results  being  greatest  where,  as  Mr.  King  states, 
heean  ranges  resisted  the  movement  and  so  localized  its 
sts. 

he  above  inferences  appear  to  be  warranted  by  the  facts  at 
lent  known. 

.  And  so  the  Wasatch  Range  was  essentially  finished; 
tiingly  an  individual  mountain  range,  but  really  polygenetic ; 
a  lofty  ridge  of  Archaean  make ;  then  enlarged  by  Paleo- 
additions  and  changed  in  level  by  increased  emergence,  but 
lOut  so  far  as  known,  any  upturning  of  the  beds ;  finally 
r  further  preparation  by  sea-border  depositions  through  all 
K)zqic  time,  profound  movements  completing  the  process 
development,  and  that  also  of  other  ranges  both  of  the 
ate  and  plateau  kinds,  the  Uinta  among  the  latter. 

The  new  ranges  and  others  older,  then  became  the  rela- 
ly  stable  confines  of  Eocene  lake-basins  in  the  enclosed 
ky  Summit  region  of  the  United  States,  the  Green  River 
n,  the  Wasatch,  the  Uinta  and  others,  over  which  subsi- 
ce  and  deposition  were  still  continued. 

a  the  preceding  observations  on  mountain-making  along  the 
iky  Mountain  protaxis,  I  have  referred,  so  far  as  the  terntorv 
;he  United  States  is  concerned,  only  to  the  western  branch 
;he  protaxis,  or  that  including  the  Wasatch  Range.  The 
em  branch,  or  that  of  the  loity  Front  or  Colorado  Range, 
resisted  the  tangential  thrust,  like  the  Wasatch  to  the 
t;  but  the  disturbance  resulted  only  in  making  out  of  the 
taceous  and  inferior  rocks  on  the  east,  little  foot  hills,  500 
600  feet  in  elevation  over  a  breadth  of  10  to  15  miles. 
Ln  excellent  account  of  the  flexures  and  faults  in  these  hills, 
jtrated  by  many  transverse  sections  besides  maps  and  views, 
nblished  in  the  volume  for  1873  of  the  Hayden  Expedition 
)ort8,  by  Archibald  R.  Marvine,  an  accurate  observer  whose 
V  death  was  a  serious  loss  to  American  Science.  The  sec- 
s  described  are  from  the  eastern  base  of  the  mountains  for 
e  distance  north  of  Denver,  between  the  parallels  of  40° 
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15'  and  40°  80'.     The  sections,  as  exhibited  on  the  plate  accom- 

Sanying  the  article,  indicate  that  tlie  uplifting  force,  besides 
exing  the  beds,  made  a  series  of  faults  in  the  formations,  and 
that  these  faults  were  upthrust  faults  of  blocks  that  included 
the  Archflean  with  the  overlying  rocks ;  that  the  npthrust  was 
in  general  westward.  The  disturbed  region  shades  oflE  east- 
ward into  the  horizontal  strata  of  the  great  plains.  For 
descriptions  of  the  beds,  and  of  the  echelon  character  of  the 
flexures  (a  feature  first  mentioned,  the  author  says,  by  Hayden 
in  his  report  of  1869)  reference  may  be  made  to 'Mr.  Marvine's 
report.  The  volumes  of  the  survey  of  the  40th  Parallel  con- 
tain other  facts  on  the  subject,  which  are  discussed  by  Mr. 
King. 

The  observations  prove  that  although  the  Front  Sange,  or 
the  eastern  branch  of  the  Protaxis,  greatly  exceeds  in  heififht 
the  western,  the  uplifts  adjoining  it  were  very  small,  ttis 
high  Front  Range  stands  wtthin  the  wide  area  of  Mesozoic  dt- 
position^  within  the  area  therefore  of  Mesozow  subsidence: 
while  the  line  of  the  Wasatcn  and  the  protaxis  in  Britisn 
America  is  to  the  west  of  this  area  and  outside  of  it;  and 
this  may  be  a  reason  for  the  feeble  orographic  effects  at  its  base. 


Art.  XXIII. — The  Magneto-optical  Generatioii  of  Electridiy; 

by  Samuel  Sheldon,  Ph.D. 

While  experimenting  upon  the  effects  of  alternating  cur- 
rents of  electricity  upon  the  plane  of  polarized  light,  results 
were  obtained  which  made  it  feasible  to  try  a  series  of  experi- 
ments, in  which  the  Faraday  arrangements  were  reversed. 
Although  the  series  is  incomplete,  yet  the  little  that  has  been 
accomplished  seems  worthy  ot  publication. 

It  is  well  known*  that  if  a  beam  of  plane  polarized  light  be 
passed  through  a  tube  containing  bisulphide  of  carbon,  and  if 
the  tube  and  beam  lie  in  the  direction  of  the  lines  of  force  of 
an  electromagnet  about  to  be  excited,  the  plane  of  the  eme> 
gent  beam  will  be  rotated  upon  exciting  the  magnet.  The 
direction  of  rotation  will  be  the  same  as  that  of  the  exciting 
current  and  the  amount  of  rotation  will  depend  upon  the 
strength  of  the  current.  If  the  current  be  reversed  the  plane 
will  be  rotated  in  an  opposite  direction  and  by  exactly  the 
same  amount.  Thus  the  rapidly  alternating  current  would 
produce  a  rapid  swinging  to  and  fro  of  the  plane  of  light. 

*  Faraday,  Kxp.  Res.  2146,  vol.  iii,  p.  1. 
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Now  if  a  difference  of  potential,  under  these  conditions,  pro- 
duces such  a  rotation  of  tne  plane,  why  should  not  a  rapid  rota- 
tion of  the  plane  under  exactly  the  same  conditions  produce  an 
inverse  difference  of  potential  between  the  terminals  of  the  coil  ? 
A  continuous  rotation  should  produce  a  continuous  current  of 
electricity  and  an  oscillating  of  the  plane  an  alternating  cur- 
rent. The  experiments  which  have  been  performed  verify  the 
latter  supposition. 

The  coil  employed  was  wound  upon  a  thin  brass  tube  as  a 
core.     This  was  closed  at  each  end  by  plates  of  glass  and  was 

1)rovided  with  holes  for  filling  with  carbon  bisulphide.  Its 
ength  was  ITS""*"  and  its  diameter  23'""'.  Upon  this  was 
wound  the  coil  from  double  silk-covered  copper  wire  of 
Q.g5mm  diameter.  When  wound  the  length  of  the  coil  was 
150™"  and  its  diameter  45""".     The  resistance  was  7*21  ohms. 

A  quantitative  measurement  of  the  Faraday  effect  was  first 
made  and  in  the  following  manner:  A  beam  of  light  from 
an  incandescent  lamp,  after  passing  through  a  large  nicol, 
was  made  to  traverse  the  bisulphide  of  carbon  in  the  coil. 
Upon  emerging  the  beam  was  brought  to  extinction  by  the 
proper  adjustment  of  an  analyzing  nicol.  A  measured  current 
of  electricity  was  now  paseea  around  the  coil.  This  necessi- 
tated a  readjustment  and  rotation  of  the  analyzing  nicol  to  re- 
produce extinction  of  the  beam.  Within  the  limits  tried  this 
rotation  was  proportional  to  the  current  strength.  As  a  mean 
of  many  measurements  it  was  found  that  a  current  of  1  ampere 
required  a  rotation  of  78  mhiutes  of  the  analyzer.  Accord- 
ingly 278  amperes  would  be  required  to  rotate  the  plane 
through  360**,  providing  the  proportionality  between  current 
strength  and  rotation  remained  unaltered. 

ISow,  if  we  consider  a  plane  polarized  ray  of  light  to  be 
made  up  of  two  opposite  circularly  polarized  rays,  then  a  parti- 
cle of  ether  in  the  bisulphide  of  carbon  describes  a  simple  har- 
monic oscillation  in  a  plane.  This  motion  in  a  straight  line 
is  the  resultant  of  the  two  oppositely  directed,  equiperiodic, 
circular  rotations  of  equal  amplitude.  If  now  a  magnetic  field 
be  created,  the  particle  undergoes  an  instantaneous  circular 
electric  displacement  which  results  in  the  retardation  of  one 
and  the  acceleration  of  the  other  component  rotation.  The 
line  of  oscillation  suffers  rotation  as  a  result,  and  assumes  a 
new  position.  The  displacement  must  be  instantaneous,  for, 
were  it  continuous,  the  line  of  oscillation  would  continue  to 
rotate  and  the  analyzer  could  not  be  made  to  produce  extinc- 
tion. If  now,  instead  of  allowing  the  magnetic  field  to  pro- 
duce this  circular  displacement,  we  superimpose,  by  mechani- 
cal means,  a  third  rotation  upon  the  two  existing  components, 

Am.  Jour.  Sci.— 1*hibd  Series,  Vol.  XL,  No.  237.— Sept.,  1890. 
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then  a  magnetic  field  should  result  and  an  electromotive  force 
be  induced  in  a  coil  surrounding  that  field.  Such  a  result 
would  be  obtained  by  rotating  the  polarizing  nicol.  The 
rapidity  of  rotation  must  be  very  great,  and,  if  it  requires  278 
amperes  (an  impressed  electromotive  force  of  2000  volts)  to 
rotate  the  plane  through  360**,  then  to  produce  this  electromo- 
tive force  the  polarizer  must  be  revolved  with  a  frequency  of 
the  same  order  as  of  the  oscillations  of  light  But  a  nicol  can- 
not be  revolved  much  above  200  times  per  second.  The  cen- 
trifugal force  resulting  from  a  higher  rate  will,  owing  to  the 
strain  produced,  interfere  with  the  performance  of  its  fun^ 
tions  as  a  polarizer.  This  rate  of  200  revolutions  per  second 
would  produce,  in  the  apparatus  employed,  an  electromotive 
force  of  perhaps  0,000000001  volts,  giving  a  current  too  small 
to  be  detected  by  any  galvanometer  in  my  laboratory.  Hence 
use  was  made  of  tne  extreme  delicacy  of  the  telephone  as  a 
substitute,  and  a  swinging  of  the  plane  instead  of  a  revolution. 

The  arrangement  of  apparatus  was  as  follows:  Light  from 
an  arc  lamp,  after  passing  through  a  large  nicol,  was  reflected, 
at  a  very  obtuse  angle,  from  a  small  movable  mirror  and  then 
passed  through  the  bisulphide  of  carbon  in  the  coil  before  oien- 
tioned.  The  two  terminals  of  the  coil  were  carried  to  a  room 
three  stories  below  and  in  another  part  of  the  building.  Here 
they  were  connected  through  a  telephone  and  a  switch.  The 
mirror  (10x30"'")  was  fixed  in  a  brass  frame  free  to  rotate 
about  an  axis  nearly  parallel  with  the  ray  of  b'ght.  This  frame 
was  connected  by  an  eccentric  and  gears  to  the  main  shaft  in 
the  work  shop.  By  this  arrangement  the  mirror  was  made  to 
oscillate  through  45°  about  300  times  each  second.  The  plane 
of  polarization  was  thus  twisted  through  twice  that  amount,  or 
90°,  in  the  same  time.  While  this  oscillation  was  going  on  in 
the  workshop,  an  ear  placed  at  the  telephone  at  the  other  end 
of  the  circuit  could  easily  distinguish  a  tone,  which,  however, 
was  the  octave  above  that  made  by  the  moving  mirror.  When 
the  circuit  was  broken  the  sound  ceased  to  be  heard,  but  upon 
again  closing  the  tone  became  audible.  With  a  rate  of  200 
oscillations  per  second  the  note  was  not  so  easily  distinguished. 
But  upon  closing  the  circuit  that  peculiar  sizzling  noise  so  com- 
mon in  telephone  circuits  was  heard. 

During  the  experiments  the  mirror  was  frequently  broken 
by  the  high  rate  of  vibration.  But  another  was  quickly  sub- 
stituted by  ray  assistant,  Mr.  Baker,  whom  I  have  to  thank  for 
this  and  the  construction  and  management  of  the  rotating  ap- 
paratus. 

Polytechuic  Institute  of  Brooklyn, 
June,  1890. 
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XXIV. — Contribution  to  Mineralogy,  No.  46 ;  by  F.  A. 
ENTH,  ^oith  CryatoJXographic  Notes,  by  S.  h.  Penfield. 

tbe  following  paper  we  give  the  results  of  tbe  esamina- 
of  some  Buperior  specimens  of  the  very  interesting  ferric 
lates  from  Hina  de  la  Compania  near  Sierra  Gorda  in  the 
ince  of  Tocapilla,  about  125  miles  interior  from  Antofa- 
,  Chili,  They  were  recently  bronght  from  this  locality 
rof.  Henry  A.  Ward,  and  are  now  m  the  cabinet  of  Mr. 
juce  S.  Bement  of  Philadelphia,  who  very  kindly  placed 
.  in  our  hands  for  investigation. 

1.  Amaratitite.    A.  Frenzel,* 
le  crystallization  is  triclinic,  confirming  the  determination 
J  by  optical  teats  on  cleavage  fragments  by  E.  A.  Wiilfing,+ 

habit  of  the  crystals,  many  of  which  are  doubly  termi- 
1,  is  slender  priematic,  the  vertical  zone  being  composed 
jipally  of  the  pinacoida  a  and  b, 
B  the  ends  are  modiHed  by  a 
ber  of  brilliant  faces.  Individ- 
rystals  are  frequently  10°""  long 
1°""  in  diameter ;   some  of  them 

a  nearly  square  cross  section,  fig. 
hers  are  flattened  parallel  to  the 
ooid  a,  fig.  2.  The  forms  ob- 
Mlare, 


d,  01 1,  1 
(.Oil,  I 
f.  021.  2-1 
h,  012,  i-X 


m,  0        f.  021. 2-1       0,  ill.  1' 

lIO,  /  fl,  012,  H  B,  121,-2.!!'. 

tie  following  measurements  were  chosen  as  fundamental : 

c-o.  001*1(10  88°  53'  a,y,  100  -  111  57°  iS' 
c^b,  001.010  84' 16'  a-e,  100.011  92°  48' 
c.e.    001.011     31°  2£i' 

1  which  the  following  relations  are  calculated  : 

o  =  95"38'  16'  (3  =  90°  23' 42'  y  =  3V'  13' 4' 


3915:  1 


)-r>7383 


1  addition  to  the  above  the  following  are  s 
ant  measurements  which  were  made: 


I  of  the  im- 


200    Genth  and  PeixjiM — Contributiona  to  Mineralogy. 


CsM, 

001  Alio 

c.p, 

001   A  111 

C  ^0, 

001  ^111 

h  ^  ;), 

010  A  ill 

p^x, 

ill  ^ 101 

C  ^  X, 

001  ^101 

x^  n, 

101  A  121 

C  A   </, 

001  .vOll 

c^h, 

0(fl  ^012 

c^f. 

001  A  021 

a  A  6, 

cleavage 

Measared. 

Calctaated 

92"  31' 

92*  48' 

42*  46' 

42"  46' 

40"  15' 

40"  18' 

72**  53' 

73"    2' 

25*  59' 

26'    0' 

36*  26' 

36"  25' 

38"  24' 

38"  26' 

28"  32' 

28"  33' 

16*  25' 

16*  30' 

52"  27' 

52*  28' 

82"  39' 

82"  42' 

The  pinacoids  a  and  b  were  vertically  striated  and  in  combi- 
nation with  vicinal  faces  so  that  no  satisfactory  measurements 
were  made  in  the  vertical  zone.  The  faces  at  the  ends  of  the 
crystals,  although  small,  gave  very  good  reflections  of  the 
signal,  the  result  of  which  can  be  seen  in  the  very  satisfactory 
agreement  in  the  al)ove  table  between  the  measured  and  the 
calculated  angles.  The  cleavage  is  very  perfect  parallel  to  the 
pinacoids  a,  100  and  ft,  010.  The  mineral  also  occurs  in  radia- 
ting, bladed  crystalline  masses,  with  cleavage  surfaces  som^ 
times  35"""  long  and  8-10'"°"  wide  at  the  broadest  portion. 
The  angle  between  the  two  pinacoids  a  and  J,  82°  39'  in  the 
above  table  was  obtained  from  this  material,  the  reflection 
from  both  cleavages  being  very  sharp  and  distinct.  Wtilfing 
gives  for  two  faces  in  the  prismatic  zone  (he  does  not  state 
that  they  are  cleavage)  81°  53',  82**  11',  82°  38'  and  83°  11'. 

The  color  is  a  l)rowni8h  red,  amaranth-red.  The  optical 
properties  agree  closely  with  the  determinations  made  by 
Wiiliing.*  Crystal  or  cleavage  plates  parallel  to  the  pinacoid 
a^  100,  show  under  the  polarizing  microscope  a  brownish  red 
color,  and  very  little  action  on  parallel  polarized  light,  but 
with  convergent  light  an  optical  axis  and  a  bisectrix  can  l>e 
seen,  slightly  removed  from  the  center  of  the  field,  also  part  of 
the  ring  system  of  the  other  axis.  The  plane  of  the  optic  axes 
makes  an  angle  of  about  38°  with  the  vertical  axis,  its  trace  on 
100  being  from  right  al>ove  to  left  below.  The  pleik*hroism  is 
not  very  strong,  the  color  [)eing  darker  in  the  direction  of  the 
plane  of  the  optical  axes  than  at  right  angles  to  it.  One  of 
these  cleavage  plates  was  used  in  the  axial  angle  apparatus,  and 
although  it  was  not  at  right  angles  to  the  acute  bisectrix,  it 
yielded  a  measurement  of  the  apparent  optic  axial  angle  in  air, 
which  is  very  characteristic, 

2K  for  yellow,  Na  flame,  63°  3' 
2E  for  red,  Li  flame,  59°  3' 

The  secticm  was  practically  opaque  to  the  green  light  of  a  thal- 
lium flame.     The  strong  dispereion  of  the  optic  axes  />  <  u  is 

♦  Loc.  cit. 
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ceable.  Sections  parallel  to  the  pinacoid  J,  010,  show 
er  the  microscope  a  strong  action  on  polarized  light,  giving 
extinction  at  16°-17^  from  the  vertical  axis  in  the  acute 
e  /9  above  and  behind.  The  pleochroisra  is  very  marked, 
v^nish  red  parallel  to  the  extinction  direction  16**  from  the 
ical  axis  and  pale  lemon-vellow  at  right  angles  to  this.  In 
rergent  polarized  light  this  section  yields  no  interference 
lomena.  Hardness  2-6.  Specific  gravity  2"286. 
marantite  occurs  associated  with,  and  sometimes  imbedded 
finely  fibrous  orange-colored  mineral,  probably  siderona- 
),  also  small  quantities  of  Hmonite  and  quartz.  The  mate- 
for  analysis  was  selected  from  the  best  bladed  masses ;  it 
18  to  have  been  slightly  contaminated  with  traces  of  ferric 
rate.  The  fine  powder  is  gradually  decomposed  by  cold 
3r  into  a  basic  insoluble  salt.  The  quartz  was  deduct^a  from 
analysis,  which  is  as  follows : 


I.  II.  III.        Molecnlarrfttlo.   Calcalated. 

! 


3,0  atllO**    1217  I  p,...        28-29       1-570       7  28*260 

30,  35-46  pa  40         Q.^^3       2  35-875 

Pe,0,  37-46  3709         0*234       1*05       35*875 

DaO  trace  009        

StO  0-59  

CO  0*11  

hese  analyses  give  the  formula:  Fe,S,0,+ 711,0.  3  mole- 
8  of  water  were  lost  at  1 10°. 

or  comparison  I  give  the  analyses  of  A.  Frenzel  (loc.  cit.), 
I.  Mackintosh  (this  Journ.,  Ill,  xxxviii,  248),  and  L.  Dar- 
[y  (Neues  Jahrb.  f.  Min.,  1890,  i,  55). 

Frensel.  Macklntoeb.  Darapskj.  Calculated. 

H,0    27*62  [27-44]  28*33             28  26 

SO,      35*58  3615  36*20             3587 

Fe,0, 37-26  35*69  36  62             35«87 

AUG, 0  21 

NaaO 0*51 

T.  Mackintosh  states  that  at  110°  8*48  molecules  of  water 
}  expelled. 

2.  SideronatHte^  A.  Kaimondi.'^ 

he  material  which  we  have  examined  consisted  of  masses, 
^times  70-80""  in  thickness,  of  a  fine  fibrous  mineral 
I  pale  orange  to  straw-yellow  color.  The  little  splintery  or 
natic  crystals  when  examined  with  the  microscope  seem  to 
n  a  cleavage  face  and  show  in  polarized  light  an  extinction 
llel  to  their  longer  axis.  They  show  a  slight  pleochroism, 
straw-yellow  for  rays  vibrating  parallel  to  the  longer  axis, 
)St  colorless  at  right  angle  to  this.     In  convergent  polarized 

*  Zeitachr.  Kryst,  vi,  p.  633,  1882. 
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light  the  small  splinters  show  indistinctly  an  obtuse  bisectrii, 
the  plane  of  the  optic  axes  being  parallel  to  the  longer  axis.  The 
longer  axis  is,  moreover,  axis  of  least  elasticity.  These  optical 
properties  indicate  orthorhombic  symmetry  while  Raimondi 
regards  the  crystallization  as  probably  raonoclinic  Hardnes6= 
1*5.     Specific  gravity  2*355. 

Associated  with  the  sideronatrite  and  sometimes  forming 
veins  of  about  10  to  20"""'  in  thickness  is  a  grayish  white  lam- 
inated mineral,  ferronatrite,  which  is  also  often  intermixed 
through  the  whole  mass  of  the  sideronatrite,  in  minute  white 
particles.  If  it  had  not  been  for  the  difference  in  the  color  of 
these  two  minerals  it  would  have  been  impossible  to  obtain 
sideronatrite  in  a  state  of  suflicient  purity  for  analysis. 

Decomposed  by  cold  water  into  an  insoluble  basic  ferric  sul- 
phate.    The  analyses  gave : 

BaJmoitdll 
ftoaljitif 
afler  d^ 
doctiM 
4  2f  p.c. 
I.  IT.  111.  IV.  V.     impurltlrt. 

HaOatllO*'       9-42  K.^,    [1705]  at  110°  947  K,.«^    [16-67]    1777     16^2 
SO.  r^^^      44-02  P^34    L^^^^J  ^5.jg 

FcqC,  21*63     22-5  4  2124     21*66  2255 

CaO  not  det'd    not  det'd  not  dei'd 

Na,0  16  32     16-39  1591     16*94  16-2; 

99-56  10000  98*49  100*00  1001^0 

Mean.  Molecular  ratio.  Calculated. 

FI2O     17  07  0-948         7       or  7  17*26 

SO,      44.22  0  533          3'92       4  43-?4 

FeaOs 21-77  0-136          1             I  21*92 

NaaO 16  3J9  0-264          1*94       2  16*98 

giving  the  formula :  2Na,S(), .  Fe,S,0.+7H,0.     At  110°  loses 
about  4r  molecules  of  water. 

3.  Ferronatrite^  J.  B.  Mackintosh.* 

This  occurs  in  cleavage  masses,  white  to  grayish  white  in 
color.  Xb  distinct  crystals  were  observed,  but  from  the  cleav- 
age and  optical  properties  the  crystallization  must  be  hexap>- 
nal.  The  cleavage  is  prismatic,  perfect,  the  angle  bet\i*een 
cleavages  measuring  GO""  2',  59°  58'  and  60°  5'  where  the  sur- 
faces were  quite  perfect  and  the  reflections  sharp;  a  number  of 
other  angles  were  measured,  all  api)roximating  to  60°.  A  sec- 
tion cut  at  right  angles  to  the  vertical  axis  snowed  in  conver- 
gent polarized  light  the  interference  figure  of  a  uniaxial  min- 
eral, and  with  a  quarter  undulation  mica  plate  positive  double 
refraction.  A  prism  cut  with  its  edge  parallel  to  the  vertical 
axis  yielded  with  yellow  light  (soda  fiame)  the  following  indices 
of   refraction,  ft>  =  1-558,  e  =  1-613    indicating   rather  strong 

♦This  Journal,  TIT,  xxxviii,  p.  244,  1889. 
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ve  double  refraction.  Some  of  the  original  material, 
I  us  by  Mr.  Mackintosh  for  comparison,  appears  to  be 
ical  with  this  in  every  respect  except  that  it  occurs  in 
ting  prismatic  crystals  reminding  one  of  wavellite.  Hard- 
=  2*5  Specific  gravity  =  2*547  and  2*578. 
e  analyses  of  the  purest  mineral  gave : 

I.  II.               III.  IV.  Mean.  Molecnlar  ratio. 

«0    .    .-  Kn.Qc  Ro.Rft  11*62  12-15  11-89         0-66         6 

3,     ....P^^^  ®^^^  51-27  51-33  5130         064         6 

3,0,.--.      17-32  1720  17-30  17-3G  1730         Oil         1 

iO    0-22  notdet'd. 

*6^'""'     ^0-16      [2001  20-15  19-95         0-32         3 

100-29 

jing  with  the  formula:  3Na,S0,.  re,S,0„+6H,0. 

Mackintosh*!  analjrsiB 
Calcalated.  for  comparison. 

H,0 11-56  11-34 

SO, 51-39  50-25 

Fe,0, 17-13  17-23 

Na,0 19  92  18-34 

A1,0, 0-43 

SiO,,  etc.  insoluble  200 

99-79 

r.  Mackintosh  states  that  his  mineral  lost  at  110**  C.  5^  mole- 
\  of  water.  The  material  above  analyzed  when  exposed  in 
itate  of  a  fine  powder  for  two  hours  at  100®  C.  lost  only 
per  cent  (0-72  gram  lost  0  0020  grm.). 

4.  Utahite.  ? 

nong  the  minerals,  collected  by  Messrs.  Geo.  L.  English 
).,  at  the  Mimbres  Mine  near  Georgetown,  New  Mexico, 
very  minute,  microscopic  brownish  white,  apparently 
gonal  scales,  which  had  the  appearance  of  Utahite. 
ley  were  mixed  with  a  very  large  quantity  of  quartz,  van- 
ite  and  descloizite.  After  the  vanadates  and  other  impur- 
were  dissolved  out  by  dilute  nitric  acid,  the  hexagonal 
s  remained  behind  in  a  pretty  pure  state,  but  mixed  with 
isiderable  quantity  of  quartz.  The  material  thus  obtained 
divided  into  two  portions,  weighing  together  0  2792  grm. 
L98^  grwi-  gave  31'82  per  cent  quartz;  deducting  this,  the 
by  ignition  in  the  other  portion  was  26*85  per  cent  and 
'erric  oxide,  55*10  per  cent. 

3809  grm.  gave  29  03  per  cent  quartz,  and  after  deducting 
the  balance  gave  27*16  per  cent  of  SO,  and  56*49  per  cent 

K 
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The  loss  by  ignition  is  almost  the  same,  as  the  amount  of 
SO,  found  in  the  second  portion,  which  seems  to  indicate  that 
the  mineral  under  consideration  contains  no  water,  but  only 
sulphuric  acid.     The  ratios  of  SO, :  Fe,0,  would  be 

in  the  first  portion,         0*306  :  0*344  or  1  :  1 
in  the  second  portion,    0*339 :  0*353  or  1  :  1 

so  that  the  composition  of  the  iron  sulphate  would  be 

Fe,0. .  SO,  or  Fe,SO, 

What  the  other  17  or  18  per  cent  are  could  not  be  ascer- 
tained on  account  of  the  minute  quantity  of  material.  We 
hope  to  be  able  to  secure  more  of  this  mineral  from  the 
Mimbres  Mine,  and  also  a  sufficient  quantity  of  utahite  for  a 
new  analysis.  At  any  rate,  it  is  thought  that  the  above  data 
should  be  placed  on  record. 

5.  Picropharviacolfte,  from  Joplin^  Mo, 

Mr.  Edward  D.  Drown  of  this  city  presented  me  with  a  speci- 
men which  he  had  received  as  coming  from  Joplin,  Mo.  It 
occurs  in  incrustations  upon  a  coarse-grained,  cleavable  dolomite 
which  are  from  2  to  15""  thick  and  are  composed  of  radiatbg 
silky  fil)ers,  forming  botryoidal,  globular  or  mammillary  masges. 
The  appearance  oi  this  incrustation  and  the  results  of  the 
analyses  indicate  the  probability  of  its  being  a  mixture  of  sev- 
eral varieties  of  the  same  mineral, — which  I  had  no  means  to 
separate. 

That  which  is  most  uniform  forms  botryoidal  crusts  from  2 
to  3'""'  in  thickness  made  up  of  radiating  silky  fibers  in  globu- 
lar aggregations:  the  analysis  I,  a  and  b.  In  the  cavities  of 
the  incrustation  there  are  often  very  delicate  silky  libers  2  to 
gmm  jj^  length,  or  the  globules  are  covered  with  very  minute 
acicular  crystals.  The  analyses  of  botryoidal  incrustationfi, 
more  or  less  mixed  with  acicular  crystallizations,  are  given  in 
II,  a,  b,  c.  In  analyses  III,  the  radiating  silky  groups  from 
another  portion  of  the  specimen  are  given,  after  the  powder 
had  been  placed  over  H,SO^  for  about  one  month. "  The  mate- 
rial for  each  batch  was  carefully  powdered,  and  thus  uniform- 
ity was  secured. 

I.  Specific  gravity  taken  in  alcohol  was  2*583.  The  analyses 
gave : 

a.  b.  Mean.  Mol.  Ratio. 

Insoluble 017  016 

Loss  at  100'  C 11  60 

Loss  at  igoitiou 11-44  23*17         23-11         1-284         6*2 

CaO 22-40  22-44         22*42         0-404         1*95 

MgO 6  60  6-68  6*64        0-164         0'79 

MuOa 0-21  O-.^l 

ASaOfi 47-48  47-73         4760        0-207         I'O 

99-90       100-49         99-77 
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These  results  indicate  the  presence  of  a  small  quantity  of  basic 
hydrogen,  replacing  calcium  and  magnesium  ;  taking  this  view, 
the  following  closely  agrees  with  the  results  of  the  analyses : 
(H,CaMg),As,0B+6H,0,  which  is  the  composition  of  picro- 
pharmacolite. 

6'—  HaO 108  22-34  per  cent. 

0-25     "     basic 45                  0  93 

1-96  CaO 109-2  22-69 

0-79  MgO 31-6                   6-54 

1-— AsaOft "230-  47-60 

483-3  100-00 

II.  Analyses  of  crusts  mixed  with  globular  aggregations : 

a.                 b.                 c.                d.  Mean.  Mol.  ratio. 

H,0 24-38  2411  24-26  24-68  1-35         6-5 

CaC...      20-29  1978  1927  19-22  19  64  3-51         17 

MgO...        8-36           8-15           8-67           848  8-41  210         1 
MnOa  ..       0-14           0-29           041           029 

As,0»..     47-74  47-74  2*08         1 

100-37 

These  analyses  also  show  the  replacement  of  calcium  by 
hydrogen  like  the  first  two,  and  also  a  larger  percentage 
of  magnesia,  while  agreeing  with  the  formula  of  picropharma- 
colite. 

III.  The  material  of  analyses  III  was,  on  account  of  being 
interrupted  with  my  work,  placed  for  a  month  over  H,SO^. 
[t  will  oe  seen  from  the  analyses  given  below,  that  it  contained 
i  still  larger  percentage  of  magnesia,  and  that  in  drying,  one  of 
ibe  six  molecules  of  water  was  lost. 

a.  b.  Mean.  Molecalar  ratio. 

H,0 20-50  2019  20-35  113             514 

CaO 17-31  16-87  1709  0-31             1*41 

MgO 11-61  11-48  11-54  029             132 

MnOa 0-29  0-34 

ASaO* 50-60  50-51  50-56  022              1 

100-28  99-39  99-54 

6.  Pitticite. 

At  the  Clarissa  Mine,  Tintic  District,  Utah,  a  mineral  has 
been  found  occurring  in  cryptocrystalline  masses,  largely  inter- 
mixed with  limonite,  and  forming  coatings  made  up  of  minute 
botryoidal  groups,  seldom  over  1™"'  in  size,  and  having  a  lus- 
trous crystalline  surface.  H  ^  3*5.  Luster  resinous  to  waxy, 
color  brown  to  dark  yellowish  brown.  Only  with  great  diffi- 
culty comparatively  pure  material  could  be  selected  for  the 
analysis  which  gave : 
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Insoluble  Fe  O, 4*08 

SiO, 1-92 

H,0 18-24 

As,0, 39-66 

SO, 1-14 

CuO 1-17 

Fe,0, 38-89 

100-09 

It  will  be  seen  that  this  mineral  does  not  represent  a  mixtnie 
of  ferric  sulphates  and  arsenates,  like  the  Q-erman  varieties. 
The  small  quantity  of  sulphuric  acid  which  is  contained  in  it, 
is  almost  exactly  required  for  the  cupric  oxide  present  to  form 
chalcanthite ;  after  deducting  this,  the  quartz,  and  the  insoluble 
ferric  oxide  as  limonite,  the  Composition  is : 

Ratio.                  CalcaUted.  Pare  mineral. 

HaO 17-64         0-98           57     or  23         17-46  1940 

AsaOft 39-65         0-172         I               4         38*90  43-11 

FcO, 33-89         0212         1*23          5         33*74  37.49 

Impurities    9*00        

100*00 

100-00 

corresponding  to :  4(Fe,As,0,) .  Fe,(OH).+20H,(). 

7.   The  80-calkd  Gibhaite  from  Cheater  County^  Pa,, 

a  Phosphate, 

Hermann  (Bull.  Soc.  Imp.  Nat.,  Moscow,  No.  4,  1868,  496,) 
publishes  an  analysis  of  a  grayish  pearly  mineral,  forming  a 
coating  of  thin  delicate  concretionary  crusts  on  limonite  from 
the  wavellite  locality  near  White  Horse  Station,  Chester  Co., 
Pa.,  giving  the  following  composition  :  A1,0,  63-84,  H,03345, 
SiO,  1-50,  F,0,  0-91  and  traces  of  MgO  and  Fe,0,. 

From  some  preliminary  tests  which  I  have  made,  it  appeared 
that  all  tlie  so-called  gibl)8ite  from  this  locality  is  a  phosphate. 
It  forms  fine  pearly  scales  and  very  thin  incrustations  of  pearly 
scales  upon  wavellite  and  limonite.  Unfortunately,  although 
very  liberally  furnished  with  material  by  numerous  frieiias, 
the  quantities  obtained  from  about  half  a  dozen  different  speci- 
mens, varying  from  0*07  to  0*27  of  one  gram,  gave  such  dis- 
cordant results  that  I  could  not  arrive  at  a  definite  conclusion 
as  to  its  composition.  The  quantities  of  the  different  constit- 
uents gave,  as  follows : 

A1,0,  from  34*60  36*28  37-51  38-09  41*25  42*64 
P,0,  "  27-77  28-71  29-13  32-51  :33-29  35-88 
II  O  "        26-82     27-77     28-40     29-59     30*29     30*37 

3 
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From  all  this  it  is  evident  that  the  only  conclusion  which 
can  be  arrived  at  at  present  is  that  the  White  Horse  Station 
"  Gibbsite  "  is  a  hydrous  aluminum  phosphate  of  an  unknown 
constitution. 

8.  Atacamite, 

Together  with  the  ferric  sulphates  mentioned  under  1,  2  and 
3,  Prof.  Henry  A.  Ward  brought  from  near  Sierra  Gorda, 
Chili,  the  most  beautiful  specimens  of  atacamite,  both  in  per- 
fect crystals  and  groups  of  thin  laminated  crystals,  with  cleav- 
age planes  as  large  as  ISxlO""",  and  of  a  deep  green  color. 
Prof.  Ward  kindly  presented  me  with  some  of  these  groups 
for  analysis.     Sp.  gr.  =  3'74:0.     The  analysis  gave : 

Ratio. 

CI 16-18     orCuCla 30-58         0-228  1 

CuO 7393  CuO 55-91         0-630  3 

H,0 13-58  HaO 13-58         0754  3 


103-69 
LesaO  forCl...      364 


100-05 


This  closely  agrees  with  :  CuCl. .  3Cu(0H),. 

Chemical  Laboratory,  111  S.  10th  street, 
Philadelphia,  May  11th,  1890. 


Art.  XXV. — Chalcopyrite   crystals  from  the  French  Creek 
Iron  MineSy  St.  JPeter^  Chester  Co,,  Pa. ;  by  S.  L.  Penfield. 

During  the  past  year  some  very  unusual  and  interesting 
chalcopyrite  crystals  have  been  taken  from  the  French  Creek 
mines  which  are  so  unlike  any  that  have  thus  far  been  de- 
scribed that  they  seem  worthy  of  special  notice.  The  author's 
attention  was  first  called  to  them  in  the  fall  of  1889,  by  Mr. 
James  Matters,  superintendent  of  the  mines,  who  has  kindly 
furnished  him  with  a  number  of  interesting  crystals,  not  only 
of  this  mineral,  but  also  of  pyrite,*  as  well  as  with  a  descrip- 
tion of  their  mode  of  occurrence.  The  author  takes  great 
pleasure  in  acknowledging  his  indebtedness  to  Mr.  Matters,  and 
also  to  Messrs.  C.  S.  Bement  and  Geo.  L.  English  of  Phila- 
delphia, Pa.,  for  the  loan  of  interesting  crystals  from  their  own 
private  collections. 

The  crystals  which  are  frequently  over  one  centimeter  in 
diameter  are  built  out  in  all  directions  and  occur  either  in  cal- 
cite,  from  which  they  can  seldom  be  obtained  without  being 
broken,  or  in  a  fine  fibrous  or  compact  scaly  material.     The 

♦Curiously  developed  Pyrite  crystals:  this  Journal,  III,  xxxvii,  209. 
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fine  tibroas  mineral  is  ineolable  in  addB.  fuses  like  hornblende 
and  is  probably  a  variety  of  that  mineral  called  bysfiolite;  tbe 
cooopact  scaly  mineral  is  Eolnble  in  hydrochloric  acid,  fneee 
B.  B.  at  about  3  to  a  black  magnetic  globnle,  contains  onlj 
traces  of  nia^esia.  gives  abundant  water  in  tbe  cloeed  tnbe 
and  i^  prubably  thuringite.  The  byeeolite  and  thnringite 
fill  cavities  or  pockets  in  the  magnetic  iron  ore  and  are  at 
times  thickly  l>eset  with  crystals  of  both  chalcopyrite  and 
pyrite,  while  again  large  quantities  of  the  material  may  be 
examined  without  finding  any.  Most  of  the  chalcopyrite  ciyE- 
tala  have  the  characteristic  brass-yellow  color,  while  some  show 
a  purple  tarnish,  and  otliers  are  coated  with  a  black  oxide. 
The  er^-8tal  faces  are  always  striated  parallel  to  their  intetsec- 
tion  with  the  positive  and  negative  unit  sphenoids,  freqnently 
causing  a  rounding  or  distortion  of  the  crystals  and  entirely 
unfitting  them  for  exact  meaenmment  on  the  goniometer. 

The  simplest  ty{>e  of  crvstal  is  the  sphenoid  r,  3S2,  |  %  1- 
The  angle  of  r^'r,  332  a.  S^2  measured  approximately  L30°,  cal- 
culated from  c  —  0-9866,  128°  52'.  This  same  sphenoid  r  is  it 
times  found  with  its  solid  angles  moditied  by  the  faces  of  a 
tetragonal  scalcnohedron  o>,  fig  2.  By  placing  the  arms  of  ■ 
contact  goniometer  along  the  longer  pole  edges  of  the  scaleno- 


hcdron  it  was  found  that  they  made  an  angle  of  about  155'. 
from  which  it  was  calcniated  that  the  sphenoid  Il6,-J,  would 
truncate  the  edges,  while  the  vertical  t-triations  on  the  faces 
indicated  their  ]>robable  oscillation  with  the  unit  sphenoid.  111. 
By  a  combination  of  zones  it  was  found  that  576,  J-f 
would  satisfy  these  conditions,  and  although  it  is  not  at  all  cer- 
tain that  thin  is  the  true  symbol,  fig.  2  gives  one  a  fair  idea  of 
the  habit  of  the  crystals. 

A  very  common  type  is  represented  in  fig.  3.  The  sphenoid 
^  varies  inucli  in  inclination  in  different  crystals,  in  some  it  U 
nearly  vertical  like  a  pnsm,  in  others  inclined  almost  as  macb 
as  the  I  sphenoid  ■>:  It  is  not  at  all  certain,  therefore, 
whether  it  Is  a  prism,  which  tapers  owing  to  oscillations  with 
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he  poeitive  sphenoid,  or  not.  The  facee  are  nsnally  very  little 
■onnded  or  Jistorted  by  the  striations  and  in  the  majority  of 
Mfies  have  an  indination  of  <p/^ip  =  about  25°  measured  over 
he  base  with  a  contact  goniometer,  agreeing  closely  with  a  } 
iphenoid,  which  is  the  inclination  given  in  the  figure.  The 
icalenohedron  j^  is  also  mnch  striated,  and  by  placing  the  arms 
)f  a  contact  goniometer  along  the  longer  and  shorter  pole 
M^ges  in  a  number  of  cases  it  was  found  that  they  made  angles 
)f  about  140°  and  90°,  agreeing  with  the  form  122,  1-2,  in 
vhtch  the  pole  edges  would  meet  at  angles  of  HIJ"  and  87i% 
ind  which  is  the  symbol  given  to  thcBe  faces  in  the  figure.  It 
g  possible,  however,  that  the  faces  are  really  pyramids  of  the 
econd  order  which  have  been  distorted  by  oscillatory  combina- 
ion6  with  the  positive  unit  sphenoid  111.  A  basal  plane, 
rhich  is  not  shown  in  the  figure,  is  frequently  developed.  A 
light  modification  of  this  type  is  represented  in  fig.  4,  where 
he  ip  and  -j^  faces  are  about  equally  developed.  "When  the 
>a8al  planer,  c,  are  present  they  are  always  striated  parallel  to 
heir  intersection  with  the  negative  sphenoid  ill  as  in  the  fig- 
ire.  When  the  base  is  absent  the  crystals  look  almost  exactly 
ike  the  heinihedral  form  of  the  isometric  trigonal- trisoctahe- 
Iron  X  (122)  ^(2),  and  there  is  no  appreciable  difference  in  the 
tppearance  or  inclination  of  the  »p  and  x  faces. 


On  some  of  the  crystals  the  positive  and  negative  sphenoid 
0,  111,  1  and  »',  ill,  —I, are  well  developed  and  give  sharp 
reflections,  while  they  also  oscillate  with  other  faces,  giving  rise 
to  striation.  Fig,  5  is  intended  to  represent  these  crystals,  a 
nnmber  of  which  were  measured  in  hopes  of  finding  definite 
symbols  for  the  sphenoids  and  scalenoiiedrons.  Measuring  from 
p,  ill  over  the  base  on  to  p,  111,  no  distinct  reflections  were 
observed  except  from  p  and  c,  but  on  continuing  the  revolution 
of  the  crystal  on  the  goniometer  Ijeyond  p.  111,  there  immedi- 
ately followed  an  unbroken  band  of  signals  without  any  interrup- 
tion or  prominent  parts  between^  and  m  110,  From  this  it  may 
he  assumed,  that  in  all  probability,  the  striated  phenoids  ip  are 
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priBms  which  have  been  very  symmetrically  t&pered  by  oecilli- 
tions  with  the  positive  unit  Bphenoid.  Measnnng  in  the  zoae 
between  p.  111  and  p'  111,  Btarting  iromp  there  followed  ed 
unbroken  band  of  signals  which  continued  for  abont  35°,  that 
is.  from  j:>,  111  to  a  pyramid  of  the  second  order  e,  101,  after 
which  no  reflection  was  obtained  till  p'  was  reached.  From 
thJB  it  may  be  aBBumed  that  there  is  probably  no  definite 
sphenoid  in  thie  zone  and  that  y  which  we  have  assumed  a 
122,  1-2,  results  from  the  oscillations  of  c,  101  with  ^  111 
Some  of  the  accurate  measurements  between  p,p'  and  c  are  if 
follows : 


mea 

DKineiiU. 

ATw>«a- 

C«tiU.irt 

bi' 

*'-54=  27' 

W  i^ 

M'SO' 

TO- 

'-70°  2S' 

70»  10' 

70*   8' 

Twin  crystals  are  not  rare,  the  twinning  plane  being  always 
a  unit  sphenoid.  Two  crystalB  with  the  habit  shown  in  fig.  3, 
if  symmetrically  twinned  about  III,  would  appear  as  is  fig.  6, 
with  one  projecting  through  the  other,  while  in  reality  ill 
which  have  been  observed  Bhow  a  slight  moditicatioD  and 
adaptation  in  that  the  shorter  pole  edge  of  one  individual  is  a 
continuation  of  the  longer  pole  edge  of  the  twinned  crvBtal. 
Hg,  7.  The  striations  and  lettering  are  the  Bame  as  in  hgs.  3 
and  4.  A  still  more  interesting  twin  is  represented  in  fig.  9. 
where  the  principal  crystal  is  a  combination  of  a  unit  prism,  m. 
and  a  pyramid  of  the  second  order,  e,  equally  developed.  In 
the  up|>er,  front,  right  hand  octant  three  faces  of  a  twinned  in 
dividual  occur,  let  into  the  principal  crystal,  as  shown  in  the 
hgurc,  while  on  both  individuals  the  basal  planes  are  present 
To  represent  the  crystal  III  h-is  been  taken  as  the  twinning! 


plane.  On  the  reverse  side  the  crystals  show  no  penetration 
and  only  three  faces  occur,  one  of  which  is  a  prism  and  two 
pyramids  of  the  second  order,  these  are  equally  developed,  are 
striated  parallel  to  their  intersection  with  the  unit  Bphenoid 
and  have  their  angles  slightly  niodiiied  owing  to  this  OBcillatoiT 
combination.     These  twins  do  not  seem  to  be  very  rare  and  are 
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ametrically  developed.  Looked  at  in  the  direction  of  the 
nning  axis  they  have  an  hexagonal  outline,  showing  a  short 
:agonal  prism  of  the  second  order  in  combination  at  one  end 
h  a  simple  rhombohedron  and  at  the  other  with  two  rhom- 
ledrons  in  twin  position.  This  adaptation  of  a  hemihedral 
ragonal  mineral  to  hexagonal,  rhombohedral  symmetry  is 
tamly  very  remarkable  and  reminds  one  of  the  tendency  of 
5  isometric  copper  to  develop  in  a  similar  way.* 
Fig.  9  represents  a  crystal  with  very  remarkable  habit,  which 
in  the  bement  collection.  It  is  striated,  rounded  and  oxi- 
;ed,  so  that  only  a  general  habit  is  preserved,  which  reminds 
B  at  first  of  a  complicated  fourling.  No  twinning,  however, 
lid  be  detected  and  a  simple  distortion  or  elongation  of  the 
rm  shown  in  fig.  4  in  the  direction  of  the  octahedral  axes 
ims  to  explain  this  curious  development.  For  simplicity 
ke  the  figure  was  drawn  on  isometric  axes  with  a  parameter 
a :  2a.  A  less  symmetrical  development  of  this  same  kind 
ves  rise  at  times  to  very  curious  forms. 
Pyrite  and  chalcopyrite  crystals  occur  intimately  associated 
ith  one  another  at  the  locality.  Some  of  the  latter  are  coated, 
part,  with  a  very  thin  layer  of  pyrite  crystals,  but  no  definite 
ientation  of  the  two  crystals  could  be  detected.  It  is  cer- 
inly  very  remarkable  to  find  at  this  one  locality  pyrite  crys- 
Is  imitating  tetragonal  and  orthorhombic  symmetryf  and 
aleopyrite  imitating  isometric  and  hexagonal-rhombohedral 
mmetry. 

dioeralogical  Laboratory  of  the  Sheffield  Scientific  School, 
New  Haven,  April,  1890. 


RT.  XXVI. — Koninckina  and  related  Gene)*a  ;  by  Charles 
E.  Beecher,  Ph.D.     (With  Plate  II.) 

During  the  year  1864,  Professor  O.  C.  Marsh  made  exten- 
ee  collections  from  the  celebrated  locality,  St.  Cassian,  in  the 
pper  Trias  of  the  Tyrol.  All  these  specimens  he  has  recently 
aced  in  the  hands  of  the  writer  for  investigation.  They 
ve  been  examined  at  the  present  time  with  special  reference 
the  brachiopods,  which  lorm  one  of  the  interesting  groups 
this  remarkable  fauna. 

The  series  of  specimens  representing  the  peculiar  genera, 
ofiinckina  and  Amphichna  are  rich  in  numbers  and  complete, 
the  later  stages  of  growth,  besides  furnishing  some  younger 
ells,  which  exhibit  a  few  phases  in  development  of  consicler- 
•le  interest  and  importance.     A  critical  study  has  resulted  in 

♦This  Journal,  III,  xxxii,  419.  +Loc.  cit. 
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ascertaining  for  the  first  time,  so  far  as  known,  the  true  char- 
acter of  the  internal  brachial  supports.  They  have  been  quite 
fully  determined  for  Koninckina^  and  their  presence  is  nere 
first  demonstrated  in  the  genus  AmphicUna. 

KonincMna  Suess,  1853. — The  general  form  and  characters 
of  this  genus,  as  represented  in  the  type  species  {K.  Leonhardi 
Wissmann  sp.),  have  been  so  frequently  described  by  various 
authors  as  to  necessitate  no  restatement  in  this  place.  The 
features  which  require  further  consideration  are :  the  develop- 
ment of  the  hinge  and  beak,  the  internal  calcareoos  brachial 
supports,  the  development  of  the  spiral  lamellce,  and  the  interior 
of  the  dorsal  valve. 

The  beak  has  uniformly  been  described  as  imperforate  and 
the  hinge  without  an  area.*  This  statement  has  come  from 
the  examination  of  fully  mature  individuals  measuring  S""  and 
upwards  in  length,  in  which  these  characters  are  so  obscure,  or 
involved,  as  to  escape  notice,  without  having  previously  care- 
fully noted  the  characters  presented  by  the  young.  In  speci- 
mens 5'"'"  or  less  in  length,  the  enrollment  of  the  oeak  has  not 
{proceeded  so  far,  and  a  study  may  be  made  of  its  principal 
eatures,  proving  the  existence  of  the  parts  said  to  be  wanting, 
and  bringing  the  genus  into  more  general  harmony  with  the 
articulates. 

Fio^ure  3  shows  the  umbonal  and  hinge  characters  which  can 
be  observed  in  a  specimen  about  4'"™  in  length.  The  initial 
dorsal  valve  is  shaded  in  the  figure,  and  is  the  only  convex 
portion  of  the  valve,  as  succeeding  growth  produces  a  concave 
shell,  making  the  concavity  very  pronounced  in  full-grown 
shells.  It  is  evident  that  the  growth-stages  between  the  con- 
vex and  concave  form  were  much  accelerated,  as  the  line  of 
demarkation  is  abruptly  outlined  with  the  completion  of  the 
nepionic  stage. 

The  hinge  is  narrow,  extending  to  the  cardinal  extremities. 
In  the  center  is  a  triangular  area,  partiallv  closed  by  a  slight 
deltidial  growth  or  defiection  at  the  niargms,  and  the  apex  of 
the  ventral  valve  is  perforate.  The  dorsal  valve  shows  a  much 
narrower  hinge,  and  under  the  beak  a  slight  callosity  extend- 
ing into  the  open  area  below.  It  will  at  once  l)e  noticed 
that  the  young,  or  neologie,  stages  of  growth  in  Konifiekim 
correspond  to  the  adult,  ur  ephebolic,  conditions  in  Aniphidina 
and  Koninckella. 

♦Classification  dor  Brachiopoden  von  Tho8.  Davidson,  E.  Suess,  1856,  p.  93, 
"keiupArea;  kein  Deltidium  ;  keino  Durclibohrung  am  SchnabeL"  Manuel  de 
Cotichyliologie  (Fischer)  lirachiopodes  by  D.  (Ehlert,  1887,  p.  1292,  "Sans  arti 

ni  deltidium." 
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.8  further  evident  that  the  extremely  young,  or  nepionic 

in  all  these  genera,  was  biconvex  in  form,  and  furnished 

a  well  developed  area  and  opening  for  the  protrusion  of 

edicle,  thus  agreeing  with  the  conclusions  reached  by  J. 

larke  and  the  author  in  a  study  of  Silurian  brachiopods.* 

e  perforation  persists  to  maturity,  but  does  not  present 

ndrease  in  size,  and  is  probably  of  little  functional  im- 

nce.     No  additional  increase  takes  place  in  the  hinge  area, 

it  the  iinal  development  of  these  parts  may  be  considered 

npleted  in  the  early  neologic  period,  subsequent  to  which, 

iroUment  of  the  beak  serves  more  or  less  to  conceal  them. 

e   calcareous  spiral  lamellae  were  first   worked   out  by 

jssor  E.  Suessf  (see  fig.   1),  but    the  vascular  markings 

piral  impressions  on  the  interior  of 

^alves  had  been   well  described  and  ^' 

rated  before  by  Dr.  Woodward.:}: 

thing  has  been   added  since,  except 

mportant   discovery  made    by    Herr 

iayer,§  that  the  lamellae  are  double, 

in  the  type  species  and  in  another 

from  the  Hallstatt  Beds. 

e  attachment  of  the  primary  lamellae 

J  hinge  plate  is  by  two  slender,  diverg- 

rnrse,  rising  from   the   cardinal   pro- Figure  i.—JTontndWnaie- 

;  nearly  at  right  angles  to  the  plane    onhardi  Wiasm.  Spiral 

3  mar^n  of  the  dorsal  valve  (see  figs.     aX^^uesa^'V^^r^' 
i   9).     From   their   distal   ends,   the  ' 

iry  lamellae  originate  and  extend  directly  forward  for  a 
distance,  and  then  are   abruptly  curved  laterally,  and 
Y  downward,  forming  the  beginnings   or  bases   of    the 
cones.     At  the  point   of  curvature,  two  processes  are 
off,  which  are  marked  at  their  origin  by  a  notch,  thence 
ding  inward,  they  are  united  at  the  central  line  forming 
>op  (figs.  5  and  8).     The  anterior  portion  of  the  loop  is 
>rted  or  articulated  with  the  median  septum  of  the  dorsal 
J  apex  of  the  cone.     Both  lamellae  are  free,  and  disposed 
Blosely  follow  the  four  volutions  of  the  primary  lamellae 
X)p.     They  make  an  anterior  curve  in  the  middle,  and 
)parently  connected  with,  the  center  of  the  ventral  side  of 
B  secondary  or  accessory  lamellae  take  their  origin  at,  and 
,  making  a  distinct  facet,  indicated  by  a?,  fig.  7. 

motrs  N.  T.  State  Museum,  vol.  i,  No.  1,  Oct.,  1889.     The  Development 

9  Silurian  Brachiopoda,  p.  83. 

.  cit,  p.  83,  tab.  iii,  tig.  256. 

Dual  of  the  Mollusca,  p.  231,  1854. 

ted  by  Davidson  in  British  Fossil  Brachiopoda.    General  Summary,  p.  368, 

Joutt.  Scr.— Third  Series,  Vol.  XL,  No.  237.— Sept.,  1890. 
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at  an  anffle  of  about  thirty  degrees  with  each  other,  opening 
toward  the  ventral  side  (tig.  6).     On  account  of  the  shallow 

d  deeply  concave  region  occupied  by  the  entire  animal,  the 

ils  necessarily  are  directed  ventrally,  and  the  height  of  the 
cone  is  very  shght.  As  actually  measured  in  a  specimen  (fig. 
6),  the  diameter  of  the  cone  of  spiral  lamellae  is  3'6"^  and  its 
height  is  about  1""". 

1  igure  10  illustrates  a  small  translucent  specimen,  showing 
the  form  and  disposition  of  the  spiral  ribbon  at  this  period  or 
growth.  No  fact  of  special  consequence  is  exhibited,  except 
that  the  development  ot  the  spiral  apparently  agrees  with  that 
adduced  for  other  genera.  It  will  be  noticed  also,  that  the 
comparative  area  occupied  by  the  simple  coil  of  one  and  one- 
half  volutions  is  as  great  as  that  in  a  mature  specimen  in  which 
the  number  of  volutions  has  increased  to  four. 

The  spiral  impressions  and  vascular  lines  on  the  interior  of 
the  body  of  the  dorsal  valve  have  been  so  often  studied  and 
illustrated  that  there  only  remain  for  consideration  the  special 
features  within  the  beak  and  umbonal  regiona  On  account  of 
the  smallness  of  the  specimens  and  the  partial  obscurity  of  some 
of  the  markings,  all  the  details  which  sliould  be  observed  have 
not  satisfactorily  been  made  out,  and  this  is  especially  true  of 
the  nmscular  scars,  as  no  well-defined  muscular  areas  can  be 
detected  in  the  specimens  examined.  It  is  supposed,  however, 
that  the  poorly  defined  regions,  indicated  by  a  in  fig.  7,  at  the 
ends  of  the  vascular  trunks  i\  represent  the  adductor  scars,  but 
they  are  so  involved  with  the  septum  and  vascular  markings  as 
to  be  very  indeterminable.  The  septum  s  begins  at  the  beak, 
and  is  angular  over  the  umbonal  region,  and  rounded  over  the 
body  of  the  valve,  terminating  in  the  anterior  third  of  the 
length  of  the  shell.  At  x  is  inaicated  the  articular  indentation 
for  the  loop,  as  previously  mentioned.  The  two  widely  diver- 
gent cardinal  processes  j  become  merged  into  the  general  snr- 
face  of  the  valve  before  reaching  the  hinge  extremities.  Under 
their  apices  are  situated  the  dental  sockets  5,  and  on  the  sum- 
mits above  are  the  bases  of  the  processes  supporting  the  rib- 
bons. 

Some  notice  should  be  taken  of  the  species  described  by 
Swallow  as  Koninckina  Americana^  from  the  Kaskaskia 
group,  since  it  is  the  only  American  form  which  has  been  re- 
ferred to  the  genus.  Only  the  ventral  valve  was  observed, 
and  was  described  as  having  a  punctate  shell  structure,  and  a 
*'few  short  depressed  spines  near  the  borders,"  neither  of 
which  characters  are  found  in  Koninckma^  but  are  so  evidently 
productoid  in  their  nature  that  the  species  probably  should  be 

*  Transactions  of  the  Academy  of  Science  of  St.  Louis,  voL  ii,  p.  94,  1863. 


CI  jE  Beecher — Koninckina  and  related  Genera.      215 

d  with  Productvs,  In  the  same  paper,  Swallow  describes 
oductu%  with  a  like  specific  designation  (P.  AraericanuB)^ 

0  avoid  duplication,  the  name  Productus  Swallovi  is  hqre 
:)8ed  for  the  species  described  as  Koninckina  Americana. 

nphiclina^  Laube,  I860.* — This  genus  agrees  very  closely 

1  its  essential  features  with  Koninckina^  so  far  as  can  be 
ved  from  the  material  studied.  The  hinge  and  beak  char- 
B,  represented  in  fig.  2,  differ  little  from  those  shown  by 
oung  of  Koninckina^  except  that  the  area  is  higher,  and 
leltidial  plates  well  developed.  This  last  condition  is  ex- 
ed  by  the  erect  position  of  the  beak,  which  in  that  genus 
much  incurved  as  to  prevent  the  normal  growth  of  delti- 
plates. 

jarly  all  well-preserved  specimens,  both  of  the  type  species 
luhia  Miinster  and  A.  Suessi  Laube  show  distinctly  the 
ence  of  spirals,  and  several  sections  have  been  made  pre- 
ng  features  similar  to  those  represented  in  fig.  6  of 
inckina,  in  which  the  primary  and  secondary  lamellse  and 
)08ition  of  the  apex  of  the  cone  are  well  displayed.  Fig. 
)f  a  young  specimen  in  which  the  lamellse  on  the  left  side 
become  displaced  so  that  a  double  series  of  spirals  results, 
J  on  the  right  side  they  are  superimposed  in  their  usual 
ion.  Fully  matured  individuals  have  four  volutions  in 
ibbon  as  in  the  preceding  genus.  The  attachments  of  the 
llae  could  not  be  made  out  distinctly,  but  they  apparently 
no  peculiar  features. 

om  the  position  and  size  of  the  spiral  cones,  it  is  evident 
the  impressions  described  by  Laube  (loc.  cit.)  as  muscular 
,  on  the  interior  of  the  dorsal  valve,  must  be  otherwise  con- 
ed ;  and  it  is  naturally  inferred  that  they  represent  ridges 
'urrows  limiting  the  brachial  regions,  the  diverging  cardi- 
irocesses,  and  nie  vascular  impressions.  The  parts  about 
iterior  of  the  dorsal  beak  agree  with  those  represented  in 
for  the  preceding  genus. 

is  therefore  apparently  necessary  to  deal  with  Amphiclina 
Koninckina  as  very  closely  related  forms,  and  undoubtedly 
^ng  to  the  same  patronymic  group. 

e   first   consideration  of    genera   related   to   this    group 

ally   deals   with   such    forms   as    have   previously   been 

>ed  with  the  Kouinckinidse.     Only  the  classifications  pro- 

I  by  a  few  of  the  leading  authorities  need  be  discussed  in 

)Iace. 

vidson,  in  his  Introduction  to  the  Classification  of  the 

liopoda,  1851-54,  p.  92,  proposed  the  family  Koninckin- 

Die  Fauna  der  Schichten  von  St.  Cassian,  II  Abtheilung,  p.  28,  1865. 
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idse  for  the  single  genus  Ko7iinchna,  The  same  antkor,  in 
1884,  publislied  a  tabular  classification  in  the  General  Snmmary 
to  the  British  Fossil  Brachiopoda,  p.  354,  in  which,  nnder  the 
family  Spiriferacea,  the  sub  family  Koninckinidae  is  given  con- 
taining the  three  genera  Anoplotheca^  KanincJcina^  and  Kon- 
inel'ella, 

AVoodward,  in  the  Manual  of  the  Mollusca  (1854),  placed 
Koninckina  as  a  sub-genus  under  Strovhomena  in  the  family 
Orthidtt?,  and  also  include  Davidsonia  in  the  same  group. 

Dall,  in  1877,*  included  Koninckina^  Anoploihe^ia^  and  pro- 
visionally Davidsonia^  in  the  family  Atrypiche. 

The  cLossification  of  Waagenf  resembles  that  proposed  by 
Dall,  but  under  the  Atrypidre  he  includes  Koninchina^  Ano- 
plothecay  and  Koninckellu  in  the  sub-family  Ko7iinckinince. 

Zitteli  arranges  Anoploilieca^  Koninckina^  and  Theeo&pim 
under  the  Koninckinidee,  and  also  places  Amphiclina  and 
Davidsonia  with  the  Strophomenidae. 

Finally,  (Elilert,  in  1887  (loc.  cit,  p.  1291,  et  scq.),  adopts 
the  family  Koninckinidee,  putting  it  between  the  Strophomen- 
ida?  and  Spiriferidie,  and  including  the  genera :  ?  Davidsonia 
Bouchard-Chautereaux,  1847;  Koninckifia  Suess,  1852  ;&g. 
Anoplotheca  Sandberger,  1856 ;  Koninckella  Mnnier-Chalmas, 
1884;  {Amphiclina  Laube,  1866;  i  Theeospira  Zugmayer, 
1880;  and  ?  C(eloMpira  Hall,  1863. 

This  grouping  is  the  most  comprehensive  of  those  cited,  as 
it  adopts  all  the  genera  which  have  previously  been  placed  in- 
timately with  Roninckiiia,  and  besides,  it  includes  the  addi- 
tional genera  Amphiclina  and  Cwlospira,  although  the  former 
was  thus  correlated  by  Davidson,  but  not  included  in  his  gene- 
ral tabular  classification  as  the  presence  of  ispires  had  not  theo 
been  shown. 

In  treating  the  various  members  of  this  family  as  defined 
and  limited  by  CEhlert,  we  believe  that  the  general  idea  of  the 
group,  as  expressed  by  the  characters  of  the  leading  genns,  is  a 
comprehensive  one,  but  there  are  yet  some  discordant  and  un- 
certain elements.  Also,  a  more  discriminating  diagnosis  may 
now  be  given,  and  the  relations  of  the  family  (or  sub-family) to 
other  important  groups  become  more  apparent  while  its  genetic 
historv  is  more  or  less  clearly  indicated. 

Of  course,  much  depends  upon  the  taxonomic  value  which  Ib 
to  be  allowed  to  the  various  features  of  the  shell,  and  in  the 
present  instance  we  shall  endeavor,  in  the  main,  to  follow  the 
rank  generally  adopted  by  recent  authorities. 

*  Bulletin  U.  S.  N^ational  Museum,  Xo.  8.  Index  to  the  names  which  hare 
been  applied  to  the  subdivisiuus  of  the  class  Brachiopoda,  p.  78,  1877. 

f  (Geological  Survey  of  India.  Carboniferous  fossils  of  the  Salt  Range,  p.  4*'t 
1883. 

X  Handbuch  der  PaUeontologie,  I  Bd.,  p.  G80,  1876-80, 
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Before  discussing  the  position  held  by  the  genus  Davidsonia^ 
ittention  is  called  to  the  development  of  the  deltidlum  and 
>8eado-deltidium,  or  pedicle-sheath.  It  has  been  shown  by  J. 
Si.  Clark  and  the  writer  (loc.  cit.),  that  all  the  species,  so  far 
18  examined,  possessing  a  true  deltidinm  in  the  adult  state, 
ihow  that  it  was  gradually  developed  in  early  stages  of  growth, 
)y  concrescence  along  the  lateral  margins  of  an  open  triangular 
irea.  Also  that  all  species  furnished  with  a  pedicle-sheath 
lave  it  fully  developed  in  the  earliest  growth-stages  which 
lave  been  observed  for  these  species,  and  the  subsequent 
rrowth  of  the  individual  does  not  materially  alter  its  general 
characters,  except  that  it  is  sometimes  retrogressive,  the  parts 
)ecoming  atropnied  or  functionally  obsolete.  A  feature  of 
iuch  importance,  and  so  intimately  connected  with  the  em- 
)ryonal  growth  of  the  shell,  must  be  given  considerable  sig- 
lificance  in  discussing  the  various  genera  in  which  it  is  present 
yr  absent. 

Davtdsonia  has  always  been  described  as  having  the  area 
jovered  bv  a  pseudo-deltidium,  and  this  is  the  first  objection  to 
;he  grouping  of  the  genus  with  Koninckina  and  Aviphiclina. 
5o  far  as  known,  the  arms  were  not  supported  by  a  calcareous 
ibbon,  but  were  fleshy  and  perhaps  movable,  as  in  Rhyii- 
'hofiella,  and  furthermore,  no  true  spire-bearing  form  has  yet 
)een  shown  to  have  a  pedicle  sheath.  With  our  present  in- 
brmation,  exception  must  be  made  for  TheGoapira^  but  farther 
nvestigation  in  that  genus  may  result  in  proving  it  to  have 
leltidial  plates,  as  has  been  accomplished  in  Spirifer  and  Spir- 
ferina^*  although  these  genera  have  commonly  been  de- 
cribed  as  having  a  pseudo-deltidium,  as  in  strophomenoid 
hells.  The  muscular  system  of  Davidaonia  corresponds  more 
losely  with  the  Strophomenidse  and  Productidee  than  with 
pire-bearing  genera,  and  in  view  of  these  facts  collectively  we 
eject  Davidsonia  from  the  Koninckininse. 

The  genus  Koninckella  should  remain  as  placed,  as  all  its 
haracters  harmonize  with  those  included  in  our  present  un- 
lei-standing  of  the  leading  genus  of  the  group.  Formerly  the 
presence  oi  a  well-developed  hinge  area  and  pedicle  perfora- 
ion  in  this  genus  did  not  agree  with  the  characters  ascribed 
0  JKaninckiiiay  but  this  objection  is  now  removed. 

Of  the  three  remaining  genera  little  of  a  positive  nature 
an  be  stated  without  further  examination  of  material.  The 
iescriptions  and  figures  of  Anoplotheca  which  have  been  given 
re  not  sufficient  to  exclude  the  genus  nor  to  show  that  it 
ctually  belongs  here.  Coelospira^  however,  has  been  clearly 
bown  by  Davidson  to  be  closely  related  to  Atrypa  and  Zygo- 

•Development  of  some  Silurian  Brachiopoda,  pp.  78-89. 
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spira^  and  this  position  is  further  fortified  by  recent  investi- 
gation. Thecospira  has  been  mentioned  as  furnishing  an 
apparently  abnormal  character  in  the  presence  of  a  pedicle- 
sheath,  to  which  should  be  added  its  condition  of  fixation  b? 
the  ventral  valve,  and  the  punctate  shell  structure.  Otherwise 
the  features  described  and  illustrated  by  Zugmayer  appear  to 
agree  in  all  essential  particulars  with  Koninckina, 

Therefore,  it  is  believed,  that  the  genera  David^onia  and 
Coelospira  should  be  omitted  from  the  family,  and  that  Tk- 
cospira  and  Anoplotheca  should  be  allowed  to  remain  tenta- 
tively until  further  information  is  obtainable. 

The  relations  of  the  genus  Kayseria  (Davidson,  1882,)  to 
this  group  have  previously  been  discussed  simply  with  refer- 
ence to  the  duplicate  nature  of  the  spirals,*  but  from  what 
has  been  shown  regarding  the  attachments  and  the  loop  of  the 
primary  lamellae,  as  well  as  the  articulation  with  the  dorsal 
septum,  and  the  additional  hinge  charact-ers  in  Koninckina^ 
further  important  relationships  may  be  adduced  which  it  is 
believed  will  remove  Kayseria  from  the  Athyrinse,  and  |»lace 
it  with  the  forms  treated  of  in  the  present  paper.  In  a  recent 
study  of  Kayseria^  the  writer  has  found  no  particular  in  whicli 
to  change  the  details  of  the  spirals  so  completely  determined 
by  the  Kev.  N.  Glass  for  Mr.  Davidson.f  The  only  additional 
features  to  l)e  noted  are  relative  to  the  shell,  and  consist  of  a 
colloslty  under  the  dorsal  beak  forming  the  median  septum, 
the  well-developed  cardinal  processes,  and  the  impiinctat<? 
structure  of  the  test.  A  comparison  in  the  light  of  those 
facts  reveals  a  striking  similarity  in  most  of  the  important 
features. 

The  position  of  this  group  in  the  last  systematic  arrange- 
ment of  families  and  genera  proposed  by  Davidson  now  seeins 
to  belong,  not  at  the  end  of  the  Spiriferacse  as  placed,  Imt 
immediately  following  the  AthyriuFB  and  preceding  the  Atrr- 
pintle.  It  is  not  necessary  in  this  place  to  discuss  the  merits  of 
thei^e  groups  to  rank  as  families,  and  the  importance  accredited 
to  them  by  Davidson  is  here  retained. 

Sul)-familyA7>72  inckininit^^  emend. — Diagnosis.  Ventral  valve 
perforate  and  with  a  hinge  area,  sometimes  obscured  by 
the  involution  of  the  beak,  with  or  without  deltidial  plates. 
Dorsal  valve  with  cardinal  processes  and  median  6ei)tum,  upon 
some  point  of  which  the  loop  of  the  primary  lamellse  artica 
lates.  Brachial  supports  composed  of  two  primary  lamellff 
connected  by  a  looj)  from  which  originate  two  secondary 
lamelhe,  extending  to  the  apex  of  the  spiral  and  following  its 

*  British  Fossil  Bracliiopoda,  General  Summary,  p.  369,  1884. 

f  Ibid.,  Supplement  to  the  Devonian  Brachiopoda,  pp.  22-23,  1882. 
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itioDs.  Shell  in  the  principal  genera  impunctate.  Including 
genera:  Koninckina^  KomnckelJAi^  Amphiclina^  Kay- 
a,  fTh^cospira^  ? Anoplotheea. 

le  Uniyersity  Museum,  May  22,  1890. 

EXPLANATION^  OF   PLATE   IE. 

Amphiclina  dubia  MuQSter,  sp. 

RE  I. — Ventral  view  of  translucent  specimeo,  showing  attachments  of  prin- 
cipal lamellte  to  hinge  place  and  spiral  coils.  On  left  side,  prim- 
ary and  secondary  lamellae  have  become  separated,  making  double 
spiral.      X  6. 

RE  2. — Dorsal  view,  showing  nepionic  dorsal  valve,  dorsal  callosity,  and 
hinge  area,  deltidium  and  pedicle  perforation  of  ventral  valve. 
X  6. 

KONINOKINA  Leonhardi  Wissmann,  sp. 

RE  3. — Cardinal  view  of  portion  of  young  specimen,  showing  nepionic  con- 
vex dorsal  shell,  dorsal  callosity,  area,  and  characters  of  ventral 
beak,      x  18. 

'RE  4. — Similar  npecimen,  showing  slightly  different  features,      x  18. 

RB  5. — Dorsal  view  of  bases  of  the  two  primary  lamellsQ  /.  with  loop,      x  6. 

'RE  6. — Transverse  section  through  a  sliell  retaining  both  valves  in  p(»sition, 
showing  cross  sections  of  the  lamellae  of  spiral  ribbon.  The  con- 
tinuous and  separate  character  of  the  primary  and  secondary 
lamellse,  and  their  inclination  to  each  other,  are  well  represented, 
x  6 

FEB  7. — Posterior  view  of  interior  of  dorsal  valve  showing  teeth  sockets,  6, 
cardinal  processes,  j,  adductor  muscular  scars,  a,  main  trunk  of 
vascular  impressions,  v.  septum,  ».  indentation  or  articulating  sur- 
face supporting  dorsal  edge  of  loop,  x.      x  6. 

RE  8. — Ventral  view,  showing  form  and  attachments  of  spiral  colls.  The 
portion  of  loop  and  primary  lamellai  (/)  concealed  by  secondary 
lamellse  {V)  are  represented  by  d(»ited  lines,      x  6. 

•RE  9. — Cardinal  view  of  coils  with  ventral  side  uppeimost.  showing  supports 
and  attachment  of  primary  lamellse.  Secondary  lamellte  are  rep- 
resented by  heavy  black  lines,      x  6. 

JRE  10. — Dorsal  view  of  young  translucent  specimen,  showing  form  of  spirals 
at  this  stage  of  growth,      x  6. 

e  specimens  figured  are  in  the  Yalo  University  Museum,  and  are  all  from  the 
»r  Trias,  of  St.  Cassian. 


P.  XXVII. —  The  effect  of  pressure  on  the  electrical  conduc- 
tivity of  liquids  ;  by  C.  Barus. 

.  By  subjecting  commercial  mercury  to  pressures  between 
itm.  and  400  atm.,J80thermally,I  found  —  57?/^= 30x10" « 
where  --dli/Ii  is  the  decrement  of  the  specific  electrical 
stance  7?,  corresponding  to  the  pressure  increment  dP. 
)  is  the  symbol  of  volume,  then  from  results  of  Grassi  and 
jrs,*  -3v/v=SxlO-^dP.     Hence  dli/E^lO  8v/v. 

By  using  the  later  results  of  Amaury  and  Descamps,  Amagat,  Tait,  I  should 
naterially  change  the  remarks  of  the  text. 
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If  tf  be  the  symbol  of  temperature,  the  following  approxi- 
mate results  apply,  isopiesticallj,  at  ordinary  temperatures 
and  pressures:  5/^/^'= 800X10- •  a^:  *(?/t;=180xlO-«  AJ. 
Hence  d By li' =4:4:,  dv/v,  where  B'  refers  to  electrical  resist- 
ance considered  in  its  tliermal  relations. 

2.  Again  by  subjecting  a  concentrated  solution  of  zincsul- 

fhate  to  pressures  between  10  atm.  and  150  atm.,  isothermallT. 
found  less  accurately,  -5^/^=50xlO-«  3/\  The  other 
relations  corresponding  to  the  above  must  be  estimated: 
-3v/v=b\)xlOy  8P,  -8B'/B'='{)4:  80,  and  5r/v=200  J«. 
The  chief  magnitudes  are  here  different  in  order  and  even  in 
sign  from  those  applying  for  mercury.  For  this  reason  the 
estimate  made  is  sufficient  for  the  following  remarks. 

3.  The  liquids  were  compressed  in  capillary  glass  tubes,  and 
allowance  made  for  the  volume  changes  of  glass.  In  case  of 
mercury  I  used  a  tubular  steel  piezometer  of  s)>ecial  construe 
tion,  containing  filamentary  glass  tubes.     In  most  of  the  ex- 

f)eriment8  the  steel  tube  was  surrounded  by  a  jacket  of  cireu- 
ating  cold  water ;  but  this  precaution  was  not  lound  essential. 

To  save  space  I  will  lump  my  results  in  a  graphic  diagram. 
With  mercury  I  made  eight  series  of  measui*ements,  using  two 
different  Bourdon  gauges  for  pressure  measurement.  Thetirst 
of  these  was  graduated  between  zero  and  800  atm.,  and  the 
other  between  zero  and  1000  atm.  The  chart,  in  which  the 
observations  corresponding  to  the  different  series  are  num- 
bered, shows  the  gauges  to  have  been  in  satisfactory  accord. 
Otherwise  there  would  be  some  obvious  divergence  between 
the  data  of  series  1  to  6  made  with  the  iirat  gauge,  and  those 
of  series  7  to  8,  made  with  the  other  gauge. 

The  chart  is  easily  intelligible.  The  abscissas  denote  either 
pressures  in  atmospheres,  or  volume  decrements  per  unit  of 
volume.  The  ordinates  are  the  corresponding  decrements  or 
increments  of  electrical  resistance  per  unit  of  resistance.  The 
curves  for  comi)ression  are  in  full  lines  and  maj'  be  coordin- 
ated either  witli  pressure,  or  with  volume  decrement.  The 
curves  for  thermal  changes  of  resistance  {dB'/B')  are  given  in 
broken  lines  and  can  only  be  coordinated  with  volume  decre- 
ment.  All  the  loci  are  nearly  linear,  seeing  that  the  pressure 
interval  is  less  than  400  atmospheres. 

4.  An  inspection  of  the  chart  shows  at  once,  that  to  bring 
the  compression  loci  into  coincidence  with  the  thermal  loci, 
the  former  must  be  rotated  around  the  origin  in  a  direction 
contrary  to  the  hands  of  a  watch.  The  angle  of  rotation  is  con- 
siderably greater  for  zinc  sulphate  solution,  than  it  is  for  mer- 
cury. From  this  follows  the  remarkable  result,  that  both  in 
the  case  of  the  metal  and  of  the  electrolyte,  the  effect  of 
isothermal  compression  is  a  decrement  of  resistance  nearly  pro- 
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portional  to  pressure;  and  by  deduction,  that  the  immediate 
electrical  effect  of  rise  of  temperature,  iR' /R'—bR/R^  is  a 
decrement  of  specific  resistance  both  in  the  case  of  the  metal 
(Hg)  and  of  the  electrolyte  (ZnS0^4- Aq.).  This  points  out  an 
inherent  similarity  between  the  metallic  and  the  electrolytic 
conduction,  in  this  instance.  * 

5.  In  J.  J.  Thomson's  expression  for  specific  resistance 
^=^=r(2;r  ^/K^  (?/^^^)r  suppose  to  fix  the  ideas,  that  ^,  Z 
and  q  are  constant ;  whereas  7?i,  the  number  of  molecules  split- 
ting up  per  unit  of  volume  per  unit  of  time,  and  x  the  distance 
passed  over  by  the  partial  molecule  moving  at  a  mean  velocity 
c  during  the  interval  of  freedom  ^,  are  regarded  variable. 
Clearly  x  can  not  be  independent  of  in.  Taking  active  mole- 
cules alone  into  consideration,  supposing  them  to  be  symmetri- 
cally distributed  and  to  move  parallel  to  each  other,  a?=  V\/mi, 
It  follows  that  R={^7:  ^q/K)  x^/c.  This  is  in  accord  with  the 
above  data.  Reduction  of  volume,  —Sv/v,  isothermally  by 
pressure,  diminishes  x  only.  Reduction  of  volume  isopiesti- 
cally  by  cooling,  diminishes  both  x  and  a  Hence  the  greater 
diminution  of  R  in  the  former  instance  (pressure).  Finally, 
by  partial  diflFerentiation  under  the  given  conditions  {dR/dm) 

=  —  (4;: /9j/3 A^)  Vt/m^,  From  this  it  may  be  conjectured 
(conjectured  because  t  and  in  are  not  independent  of  each 
other),  that  the  effect  on  R  of  an  additional  number  of  mole- 
cules splitting  up,  decreases  rapidly  with  the  total  number,  m, 
splitting  up ;  i.  e.  that  the  numeric  of  the  immediate  electrical 
effect  of  temperature,  8R' /R'—dR/Ry  is  smaller  for  the  metal 
than  for  the  electrolyte.  This  also  is  in  accord  with  the  above 
data. 

6.  For  solids  I  have  only  found  available  data  in  the  case  of 
copper.  According  to  Chwolson,*  —  57?/i?=  1-3x10"  •  oP. 
From  Everett's  tables  -ov/v^'^x  10" «  dF,  Hence  dR/B= 
2o/'/y.  On  the  other  hand  dR'/R' =004:  dO,  and  dvjv- 
52x  10-«  de,  whence  8R'/R'=Ti  dc/v.  Hence dR/R-8R!K 
is  negative  in  case  of  the  solid  metal.  Comparing  with  ^5  it 
appears  that  dR/dm  probal)ly  passes  through  zero  into  a  uega- 
tive  region,  in  proportion  as  the  number  of  paths  which  the 
current  can  take  is  indefinitely  increased. 

♦Chwolson:  Carl's  Rep.,  xiv,  p.  2C,  1878.  Tu  case  of  mercury,  the  only 
kindred  results  I  found  are  due  to  Leuz  (Stuttgart,  1882).  But  they  areunform- 
natelv  inaccessihlo. 
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RT.  XXYIII. — Notice  of  two  new  Iron  Meteorites  from 
Hamiltoa  Co.,  Texas,  and  Puquios,  Chili,  S.  A,;  by 
Edwin  E.  Howell. 

1,  The  Hamilton  Co.  Mkteokitk. 
In  June  of  last  year  we  secured  from  Professor  Edgar  Ever- 
rt,  of  the  Univei'sity  of  Texas,  an  iron  meteorite  which, 

wrote  UE,  was  found  in  Eratli  Co.  of  that  State.  It  appears, 
wever,  that  the  iron  was  really  found  in  tlie  northern  jart  of 
imilton,  the  adjoining  county. 

Mr,  J.  D,  St,  Clair,  of  Alexander,  Erath  Co.,  who  as  a^ent 
r  the  discoverer,  sold  tlie  meteorite  to  Professor  Everhart, 
8  kindly  furnished  me  with  the  following  facts.  In  April, 
87,  while  plowing  in  his  field  about  five  miles  south  of  Carl- 
n,  Hamilton  Co.,  Texas,  Mr.  Frank  Kolb  struck  with  his 
ow  what  he  at  first  supposed  was  a  stone,  but  which  proved 

be  the  meteorite  in  question.  Whether  or  not  he  had  any 
ea  of  its  true  nature  does  not  appear,  but  he  seems  to  have 
;pt  it  about  a  year  before  turning  it  over  to  Mr.  St.  Clair  to 
'.I  it  for  him. 


HKcnilton  County  Meieorit 

When  the  meteorite  reached  us  it  weiglied  179  lbs.  (81^  kilos), 
id  was  entire  with  the  exception  of  a  few  ounces  cut  oflf  by 
rofessor  Everhart  for  analysis,  which  he  seems  not  to  have 
id  time  to  complete.  The  thinner  end  had  been  pounded 
nsiderably  and  some  small  fragments  may  have  been  detached 

that  when  found  the  weight  might  possibly  have  been  180 
i.  The  two  greatest  dimensions  are  17i  and  13  inches 
iX33  centimeters). 

The  general  form  is  well  shown  in  the  accompanying  cut, 
3  underside  is  smootlter  and  less  sharply  pitted  than  the 
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upper  side,  which  was  probably  the  forward  portion  during 
the  latter  part  of  its  flight,  but  the  iron  although  very  little 
oxidized  shows  none  of  the  characteristic  stri®  and  ridges  seen 
in  irons  that  have  recently  fallen. 

The  amount  of  troilite  found  in  cutting  the  iron  is  not  great, 
and  seems  to  be  all  distributed  in  comparatively  thin  narrow 
plates,  no  nodules  having  been  seen.  The  largest  example  is 
6  inches  in  length  and  less  than  J  inch  in  average  thickneee, 
with  an  unknown  width  of  certainly  over  2^  inches.  It  is 
quite  irregular  in  outline  and  terminates  at  one  end  in  a  star 
with  points  about  ^  inch  long.  This  form,  which  is  very  sug- 
gestive of  certain  crystallizations  of  marcasite,  seems  to  be  quite 
persistent^  showing  substantially  the  same  in  different  sections 
for  2^  inches  without  any  indication  of  coming  to  an  end,  any 
more  than  the  plate  with  which  it  is  connected. 

The  Widmanstatten  figures  are  brought  out  with  remarkable 
quickness  on  the  application  of  very  dilute  acid,  and  are  sur- 
passed in  beauty  by  no  iron  with  which  I  am  familiar.  They 
resemble  somewhat  the  markings  on  the  Trenton  and  Mura- 
freesboro  irons,  but  more  closely  those  of  the  Descubridora. 
The  lines  are  thinner,  however,  and  the  inclosed  figures  smaller 
and  more  elongated,  being  in  many  parts  a  mere  thread  5  to  8°^ 
in  length.  In  this  respect  different  parts  of  the  same  section 
vary  greatly.  Some  of  the  inclosed  figures  are  beautifully 
marked  with  the  fine  lines  noted  by  Dr.  J.  Lawrence  SmitL 
first  on  the  Trenton  iron  and  called  by  him  Laphamite  mark- 

"^ge- 

The  analyses  of  this  and  the  following  iron  have  been  kindly 

furnished  by  Mr.  L.  G.  Eakins  of  the  U.  S.  Geological  Survey, 

through  the  courtesy  of  Professor  F.  W.  Clarke,  chief  chemist 

Analysis  by  L.  G.  Eakins. 

Fe 86-54 

Ni 12-77 

Co 0-63 

Cu 002 

P 016 

S 003 

C 0-11 

10026 

Specific  gravity  7  95  at  27'. 

2.   The  Puquios,  Chili,  Meteorite. 

This  iron  was  purchased  by  Professor  Ward  from  the  wife 
of  Enrique  Ravenna  at  Copiapo,  Chili,  April  26th,  1889. 
According  to  Seilora  Ravenna's  statements  it  was  found  by  her 
husband  four  or  live  years  before — probably  in  1884,  near 
Puquios,  and  had  been  kept  by  them  until  secured  for  the 
Ward  and  Howell  collection. 
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The  iron  reached  na  in  an  abBoIntely  perfect  condition.  It 
had  apparently  lain  for  a  considerable  time  half  buried  in  the 
soil  witn  its  upper  surface  exposed  to  the  weather  and  drifting 
sand  which  combined  to  bring  out  the  structure  of  the  iron 
without  oxidization,  making  an  exceedingly  interesting  and 
attractive  object. 


Ptiquios  Meleoriie,  \ 


The  general  form  of  the  moteorite  is  such  as  might  resnlt 
from  the  wearing  away  of  a  rhombic  prism,  one  end  wearing 
thinner  than  the  other.  (See  accompanying  cut.)  The  surface 
is  anasaaHy  smooth,  showing  only  a  few  shallow  pittings. 
The  two  largest  diameters  are  10  and  6^  inches  (25^X14  cen- 
timeters), and  the  weight  was  14  lbs.  7^  ozs.,  or  a  trifle  over  6^ 
kilos. 

Although  the  surface  of  this  iron  is  annsnally  interesting, 
the  interior  proves  to  be  still  more  so.  The  etched  sections 
show  that  the  mass  has  been  subjected  to  fracture  and  disloca- 
tion, resulting  in  a  distinct  and  undoubted  "faulting"  of  the 
Widmanetatten  figures,  and  of  the  troilite.  Most  of  these 
faults  are  so  small  and  faint  that  they  cannot  be  reproduced  in 
an  illustration,  but  are  clearly  seen  with  a  pocket  lens.  The 
following  cut  of  one  of  the  etched  sections,  2  natural  size, 
and  produced  by  photographic  process,  shows  three  of  these 
lines  of  faulting  which  is  the  especially  interesting  feature  of 
this  meteorite.  So  far  as  I  am  aware  these  are  the  first  faults 
noted  in  an  iron  meteorite. 

The  novelty  of  this  phenomenon  and  the  exceeding  tough- 
ness of  meteoric  iron,  making  a  sharp  fault  seem  almost  an 
impossibility,  require  that  the  evidence  of  such  a  fault  should 
be  clear  and  conclusive  before  its  acceptance  as  a  fact;  and 
such  is  fortunately  the  case.  The  largest  fault  ia  seen  in  suc- 
cessive sections  for  2^  inches,  or  as  far  as  the  iron  has  been 
cut,  and  apparently  extends  the  entire  Length  of  the  mass,  the 
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throw  of  this  fault  is  nearly  \  of  an  inch  (3""°).     Oarefol  ei- 
amination  reveals  some  crushing  and  branching  along  tbiB  lioe, 


SecliOD  of  Puqaios  Meteorite,  |  Datural  bim. 


and  other  partB  of  tliie  eectioa  and  other  sections  show  Email 
fractures  with  slight  displacements. 

These  faults  are  clearly  not  produced  by  the  impact  of  itf 
fall  upon  the  earth,  but  are  a  part  of  its  earlier  history,  and  in 
the  light  of  some  experiments  made  two  years  ago  with  Tolnes 
iron  I  would  suggest  the  probability  that  they  were  made  when 
the  iron  was  very  hot— perhajjs  in  its  passage  near  the  sun.  1 
found  that  a  piece  of  Toluca  iron,  although  very  tough  when 
cold  would  crumble  under  the  hammer  when  heated  to  a  white 
heat.  If  we  assume  that  the  faulting  of  this  meteorite  took 
place  under  similar  conditions  of  heat  it  seems  necessary  aleo 
to  assume  a  contact  with  some  other  body. 

The  Widmiinstiitten  figures  call  for  no  special  remarks  as 
they  are  sufficiently  shown  in  the  illustration.  Suffice  it  to 
say  that  they  are  produced  very  readily  with  weak  acid,  that 
the  finer  lines  inside  the  figures  are  unusnally  well  developed, 
and  are  sometimes  seen  running  parallel  to  the  adjacent  side^ 
Aualysis  by  L.  G.  Eakius. 
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Art.  XXIX.  —  The  Cretaceous  of  Manitoba;  bv  J.  B. 
Tyrrell,  M.A.,  B.Sc,  Geologist  on  the  Geological  Survey 
of  Canada. 

Stretching  northward  through  the  western  portion  of  the 
province  of  Manitoba,  the  escarpment  of  the  Pembina,  Kiding, 
Duck  and  Porcupine  Mountains  has  long  been  known  as  the 
approximate  eastern  outcrop  in  that  province  of  the  Cretaceous 
terranes  that  underlie  the  whole  country  westward  to  the  foot 
of  the  Kocky  Mountains.  The  terranes  have  also  been  known 
to  consists  01  shales  of  more  or  less  varied  character,  and  most 
of  these  shales  have  been  considered  as  representing  the  Fort 
Pierre  shales  of  Meek  and  Hayden,  or  the  Pierre  shales  of 
the  Canadian  geologists. 

During  the  summers  of  1887  and  1889  the  writer  was  en- 
gaged in  field  work  in  northwestern  Manitoba,  and  part  of  the 
time  was  spent  in  studying  the  structure  of  this  escarpment  in 
the  few  natural  sections  cut  by  the  streams  flowing  eastward 
into  Lake  Winnipegosis,  and  for  a  short  distance  in  the  banks 
of  the  valleys  of  the  Assiniboine  and  Bird-Tail  Rivers.  A  few 
sections  in  southern  Manitoba  were  also  hastily  visited,  and  the 
logs,  with  typical  specimens,  were  obtained  of  the  well  bored 
on  the  north  side  of  the  Riding  Mountain  by  the  Manitoba  Oil 
Co.,  and  of  the  well  that  is  now  being  drilled  at  Deloraine  in 
southwestern  Manitoba. 

Most  of  the  natural  exposures  are  comparatively  low  and 
disconnected,  so  that  it  is  rarely  possible  to  obtain  the  exact 
thickness  of  the  different  terranes,  but  the  following  notes  will 
give  a  general  idea  of  the  relationships  of  the  different  beds, 
and  an  approximate  idea  of  their  thickness. 

In  northwestern  Manitoba  the  Cretaceous  rests  unconform- 
ably  on  a  floor  of  Paleozoic  limestones  and  dolomites,  which, 
wherever  seen,  were  found  to  be  of  Middle  or  Upper  Devon- 
ian age.  These  limestones  are  well  shown  around  the  shores  of 
lakes  Manitoba  and  Winnipegosis,  and  are  always  lying  moder- 
ately horizontal,  but  much  broken  by  small  faults.  The  pre- 
Cretaceous  surface  of  the  limestone  is  everywhere  uneven 
having  been  very  severely  eroded  between  Devonian  and 
Middle  Cretaceous  times,  and  as  is  shown  bv  these  irregulari- 
ties, the  erosion  was  still  in  progress  up  to  the  time  when  the 
country  was  immersed  in  the  Cretaceous  sea.  Besides  the 
local  irregularities  the  pre-Cretaeeous  floor  is  shown  by  borings 
to  have  a  general  light  slope  toward  the  southwest  or  west. 

The  Cretaceous  of  Manitoba  falls  very  well  into  the  groups 
that  were  first  marked  out  by  Messrs.  Meek  and  Hayden,  the 
Fox  Hills  Group  being  the  only  terrane  that  has  not  yet  been 
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recognized.     The  following  are  the  groups  with  their  approxi- 
mate maximum  thicknesses. 

'  Laramie  ? 

p;p«-p  i  Odanah 500  feet. 

^^^^^^  (  Millwood 600      " 

Niobrara 540?     " 

Benton    180      " 

Dakotah 200      ** 

The  Dakotah  Group,  resting  tinconformably  on  the  lime- 
stones of  the  Devonian,  is  composed  of  white  or  reddish  saod- 
stones  either  cemented  by  a  calcareous  matrix  or  often  quite 
incoherent,  being  then  an  even-grained  white  quartzose  sand. 
This  grades  up  into  a  light  green  and  rather  hard  sandstone, 
commonly  interstratiiied  with  thin  bands  of  shale. 

Very  few  fossils  have  been  found  in  this  sandstone,  and 
what  have  been  found  are  confined  to  the  greenish  upper  beda 
They  consist  chiefly  of  carbonized  fragments  of  wood  and  conif- 
erous leaves;  but  the  following  animal  remains  have  also  been 
collected,  viz :  Lingxda  svhspatulata  f  H.  &  M.,  Oatrea  cm- 
gesta^  Con.,  Modiola  tenuiscuVpia^  Whit,  and  cycloid  scales  of 
fishes.* 

The.terrane  can  be  seen  in  several  exposures  along  the  foot 
of  the  northern  portion  of  the  Cretaceous  escarpment,  and  at 
a  small  island  known  as  Pemican  Island  in  lake  Winnipegosis, 
forty-four  miles  east  from  the  foot  of  the  escarpment  there  are 
evidences  of  the  presence  of  this  or  the  overlying  group.  The 
exposures  seen  were  altogether  too  few  and  small  to  allow  of 
any  exact  determination  being  made  of  the  total  thickness  of 
the  group,  but  on  account  of  the  irregularities  of  the  floor  on 
whicli  it  was  laid  down  it  certainly  varies  greatly  even  in  short 
distances.  Near  the  northwest  end  of  Lake  Winnipegosis  it 
has  probably  a  maximum  thickness  of  two  hundred  feet,  while 
on  the  north  side  of  the  Riding  Mountain,  where  it  was  passed 
through  in  the  Manitoba  Oil  Go's  well  on  Vermillion  Kiver, 
it  has,  so  far  as  can  be  determined  from  the  few  specimens  at 
hand,  a  thickness  of  fifty-five  feet. 

South  of  this  point,  which  is  almost  on  the  line  of  the  5l8t 
parallel  of  north  latitude,  these  sandstones  have  not  been 
recognized  in  the  province,  but  as  they  are  again  reported  as 
occurring  in  Dakota  and  farther  south,  they  are  in  all  prob- 
ability continuous  throughout  the  Cretaceous  areas  of  Manitoba. 

C)verlying  the  sandstones  of  the  Dakota,  the  Benton  Group 
occuiB  as  a  hand  of  dark  gray,  abnost  black,  shale  holding  a 

*  For  tlie  determination  of  all  the  fossils  in  tho  paper,  except  the  Foraminifera 
and  Radiolaria.  T  am  indebted  to  Mr.  J.  F.  Whitcaves,  the  Paleontologist  of  the 

Canadian  Geological  Survey. 


J.  B.  Tyrrell — Cretaceous  of  Manitoba.  229 

^bie  quantity  of  carbonaceous  material.  This  shale  is 
bedded  and  breaks  down  readily  into  thin  flakes,  on 
account  it  generally  forms  sloping  banks.  With  the 
ales  are  associated  thin  beds  of  white  soft  sweet-tasting 
ian  clay.  In  the  borehole  on  Vermilion  River  the  Ben- 
)ear8  to  be  130  feet  thick,  and  farther  north,  on  the 
the  Duck  and  Porcupine  Mountains,  it  continues  of 
he  same  thickness.  It  is  easily  recognized,  even  when 
.ked  exposures  are  absent,  by  its  characteristic  property 
king  into  more  or  less  minute  graphite-like  flakes,  and 
ithering  immediately  into  a  soft  ciay  as  usually  occurs 
ess  consolidated  beds  of  the  Pierre. 
le  Deloraine  well  this  terrane  has  been  recognized  in 
ins  from  a  depth  of  about  1300  feet  Up  to  the  present 
irs  to  be  quite  destitute  of  fossils,  and  ironstone  or  lime- 
odules  were  also  only  found  in  one  or  two  localities. 
Niobrara  Group  conformably  overlies  and  is  an  upward 
)n  of  the  Benton.  The  character  of  the  rock,  however, 
of  being  a  soft  fissile  shale  with  little  or  no  admixture 
reous  material,  is  a  lighter  gray  calcareous  shale  or  marl, 
aes  varying  to  a  band  of  moderately  hard  limestone, 
especially  the  case  at  the  top  of  the  formation  where  a 

frayish  chalky  limestone  is  generally  met  with.  This 
ten  highly  charged  with  pyrite. 
rock  throughout  is  strongly  marked  by  the  presence  of 
number  of  Foraminifera  belonging  to  such  genera  as 
rina^  Textularia^  etc.,  and  of  the  larger  fossils  a j^antic 
mfiua  is  very  common,  while  Ostrea  congesta^  Belemni- 
anitohensis^  Ptychodus  parvvlu8^  Enchodus  Shumardi^ 
idocyclua  occidentaZis  have  also  been  recognized, 
outcrop  of  this  terrane  has  already  been  recorded  in 
ba  by  Dr.  Dawson  from  the  Boyne  River,  twenty-five 
orth  of  the  49th  parallel  of  latitude.  Dr.  Selwyn  has 
zed  its  occurrence  on  the  Assiniboine  River  thirty  miles 
^ortage  la  Prairie,  and  Dr.  Spencer  also  discovered  it  in 
ey  01  Swan  River.  South  of  the  51st  parallel  of  lati- 
le  Riding  Mountain  has  not  been  examined,  but  from 
ire  River  northward,  along  the  face  of  the  Riding,  Duck 
rcupine  Mountains,  this  formation  is  easily  recognized 
valleys  of  many  of  the  streams  that  cut  deep  gorges 
I  the  drift.  It  often  weathers  out  in  steep  or  vertical 
id  may  easily  be  recognized  as  a  gray  calcareous  shale 
a  more  or  less  mottlea  appearance  from  the  presence  of 
imbers  of  Foraminifera,  and  occasionally  included  bands 
ly  limestone, 
ughout   the  greater  portion  of  the  area  it   does   not 
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exhibit  any  very  great  thickness,  generally  ranging  from  IW 
to  150  feet.  In  the  Manitoba  Oil  Go's  bore  on  Vermilion 
River  it  appears  to  have  a  thickness  of  130  feet  Its  total 
thickness  is  very  rarely  seen,  but  on  North  Pine  Creek  it  is 
less  than  400  feet  and  possibly  is  not  half  that  thickness^  while 
on  Bell  River  on  the  eastern  face  of  the  Porcupine  Mountain 
it  is  probably  less  than  250  feet.  In  the  Swan  River  Valley, 
however,  a  total  thickness  of  470  feet  in  all  was  seen,  and  it  fe 
not  improbable  that  the  lowest  70  feet  was  not  seen,  giving  for 
this  locality  a  total  thickness  of  540  feet ;  the  strata  are  very 
nearly  or  quite  horizontal,  and  this  must  be  regarded  as  a  local 
thickening  of  the  formation. 

Grading  upward  from  the  top  of  the  Niobrara  Group,  the 
Pierre  shales  are  seen  to  occupy  the  summits  of  all  the  higher 
lands  of  the  Riding,  Duck  and  Porcupine  Mountains.  In  the 
Riding  Mountain  and  farther  south  the  Pierre  is  found  to  be 
moderately  well  marked  off  into  two  subdivisions.  The  lower 
subdivision,  which  for  convenience  may  be  designated  the 
Millwood  Series^  is  composed  of  dark  gray  soft  clay  shales 
very  similar  to  those  already  described  by  Dr.  Dawson,  Mr. 
M'Connell  and  the  writer  from  Alberta  and  Assiniboia.  These 
beds  are  well  shown  at  the  village  of  Millwood  on  the  Aasiiii- 
boine  River  close  to  the  crossing  of  the  Manitoba  and  North- 
western Railway,  and  here  as  elsewhere  they  include  a  con- 
siderable number  of  septarian  nodules  of  ferruginous  limestone. 
These  nodules  hold  many  beautiful  specimens  of  typical  Pierre 
fossils,  such  as  Scaphites  yiodosus  var.  quadrangvlaris^  Zucim 
oecidentalw^  Baculitea  cornpressus^  Pteria  linguifarmis,  Ino- 
cei'amus  tenuUineatxis^  I.  Sagerms  var.  Neirascen^isj  ^xic%il<i 
sp..  Entails  ^;a;^7?^r6»^?/to,  Denialium  gracUef  elytron  of  a 
small  beetle,  and  fragments  of  scaks  of  fishes  and  tests  of  cra^ 
taceans.  Professor  H.  Y.  Ilind  has  also  recorded,  probably 
from  this  series,  Anoinki  Fleiniug%  Inoceranius  Canadensis. 
Led  a  Hindis  Lunatia  ohliquata^  Cintdea  concinnaj  and  an 
undetermined  species  of  Ammonite, 

On  the  face  of  the  Duck  and  Porcupine  Mountains  in  the 
valleys  of  North  Pine  and  Bell  Rivers,  a  dark  gray  clay  shale 
is  exposed  about  the  base  of  this  series,  which  also  contains  a 
large  number  of  beautifully  preserved  Radiolaria,  chiefly  of 
the  genera  J)ictyomitra  and  Sethoeapsa?  the  former  genns 
being  represented  by  D.  multicostata  Zittel,  described  from 
the  chalk  of  Brunswick. 

These  dark  gray  clay  shales  are  overlain  by  a  great  thickness 
of  light  gray  rather  hard  clay  shales  which  are  locally  known 
as  "slate,''  and  which  from  their  typical  development  at 
Odanah,  near  Minnedosa,  on  the  Little  Saskatchewan  River 
may  be  called  the  Odanah  Series.    Throughout  the  series  are 
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many  beds  of  septarian  ironstone  nodules,  but  very  few  of 
these  nodules  are  compact  like  those  in  the  Millwood  Series, 
but  are  generally  cut  by  numerous  veins  of  crystalline  calcite. 
No  fossils  were  found  by  the  writer  in  these  shales. 

The  cliflEs  of  this  terrane  generally  weather  with  a  more  or 
less  sloping  surface,  but  in  railway  cuttings  or  by  some  streams 
where  erosion  is  very  rapid,  they  rise  almost  vertically,  present- 
ing a  general  lead-gray  appearance.  The  beds  are  also  much 
fissured,  and  iron-stains  are  everywhere  seen  along  the  lines  of 
fissure.  On  a  fresh  surface  the  shale  can  be  readfly  cut,  but  it 
quickly  hardens  on  exposure  to  the  atmosphere,  and  the  streams 
cutting  through  it  have  their  banks  strewn  with  lenticular  peb- 
bles derived  from  it.  In  some  places,  as  in  the  valley  of  the 
Little  Saskatchewan  River,  alluvial  beds  of  these  pebbles  are 
being  used  as  ballast  for  the  railway. 

The  Odanah  Series  is  of  considerable  economic  importance 
to  the  country,  as,  being  very  much  fissured,  it  allows  water  to 
flow  readily  through  it,  and  is  thus  the  source  from  which 
many  of  the  wells  in  western  Manitoba  obtain  their  supply  of 
water.  It  is  well  shown  west  of  the  escarpment  on  both  the 
Pembina  and  Riding  Mountains,  but  probably  on  account  of 
the  paucity  of  sections,  it  has  not  yet  been  recognized  farther 
north. 

The  whole  thickness  of  the  Pierre  in  Manitoba  is  about  1000 
feet  The  Millwood  Series,  as  seen  on  the  northern  face  of 
the  Riding  Mountain,  has  a  thickness  of  between  450  and  500 
feet,  while  about  300  feet  of  the  overlying  Odanah  series  is 
there  also  seen,  reaching  near  to  the  summit  of  the  mountain  and 
being  immediately  overlain  by  the  drift  deposits.  The  top  of 
the  Odanah  series  is  not  seen  in  the  Riding  Mountain,  but 
farther  sooth  Dr.  Dawson  gives  the  thickness  of  the  upper 
portion  of  his  Pembina  Mountain  group,  which  represents  this 
series,  as  at  least  300  feet.* 

At  the  village  of  Deloraine  in  southwestern  Manitoba  and 
close  to  the  northern  face  of  the  Turtle  Mountain,  the  Tank- 
well  on  the  Pembina  Mountain  branch  of  the  Canadian 
Pacific.  Railway  strikes  the  Odanah  shales  at  a  depth  of  about 
90.feet,  and  a  deep  well  close  beside  it  does  not  strike  the 
Niobrara  till  a  depth  of  1000  is  reached,  giving  a  thickness  for 
the  Pierre  of  910  feet.  At  the  foot  of  the  Turtle  Mountain  a 
band  of  hard  gray  calcareous  sandstone  crops  out  in  various 
places,  and  taking  this  to  represent  the  base  of  the  Laramie, 
though  no  fassils  have  as  yet  been  recognized  from  it,  the 
whole  thickness  of  the  Pierre  would  be  given  at  a  little  more 
than  1000  feet.     Considering  the  Millwood  Series  as  having  a 

*  Report  on  the  Geology  and  Resources  of  the  49th  Parallel,  by  G.  M.  Dawson, 
p.  85.     Montreal:  1875. 


232  L,  y.  Pirsson — MordeniU. 

thickness  of   600  feet,  a  thickness  of  about  500  feet  would 
remain  for  the  Odanah  Series. 

The  Laramie  has  nowhere  been  recognized  in  northwestern 
Manitoba,  the  Cretaceous  being  there  immediately  overlain  bv 
a  great  thickness  of  glacial  and  post-glacial  deposits,  and  in 
southern  Manitoba  the  only  place  from  which  it  has  l>een 
recorded  is  in  Turtle  Mountain,*  and  though  the  beds  here 
have  since  been  hastily  examined,  their  thickness  has  not  been 
determined.  The  sandstones  of  this  terrane  are  associated 
with  beds  of  lignite  that  will  furnish  valuable  local  sources  of 
fuel-supply  for  Manitoba. 

Ottawa,  May  let,  1890. 


Art.  XXX. — On  Mordenite  ;  by  Louis  V.  Pirsson. 

Under  the  name  of  mordenite  in  1864,  Howf  published  a 
description  of  a  new  zeolite,  occurring  at  Morden  and  Peters 
Point,  Nova  Scotia.  To  this  species  he  assigned  the  general 
formula  KO,  R,0.,  (SiO,),  6H,0.  The  correctness  of  this 
formula  has  long  been  considered  doubtful,  owing  to  the  high 
ratio  of  silica  to  the  bases  and  it  is  supposed  that  How  analyzed 
a  mixture  of  some  zeolite  with  silica,  more  especially  as  his 
mineral  did  not  occur  in  distinct  crystals.  It  will  therefore 
be  of  interest  to  announce  the  re-discovery  of  this  interestiug 
species  in  a  new  locality,  to  present  a  new  analysis  of  pure 
material,  proving  the  correctness  of  How's  work,  together  with 
a  discussion  of  its  composition  and  a  description  oi  its  crystal 
form  and  other  physical  properties. 

The  material  upon  which  the  present  work  is  based  I  col- 
lected in  October,  1889,  while  engaged  in  temporary  field  work 
on  the  Yellowstone  Park  division  of  the  U.  S.  Geological  Sur- 
vey, in  western  Wyoming.  The  locality  was  one  of  the  high 
points  of  the  ridge  running  eastwardly  from  Hoodoo  Moun- 
tain, and  forming  part  of  the  divide  between  branches  of  Gran- 
dall  Creek  whose  waters  run  into  Clark's  Fork  and  the  head  of 
the  Lamar  River  or  east  fork  of  the  Yellowstone.  The  locality 
is  several  miles  from  Hoodoo  Mountain.  The  mordenite 
occurs  lining  the  amygdaloidal  cavities  of  a  mass  of  decom- 
posed basalt,  one  of  the  former  inclusions  in  the  basic  breccia 
forming  the  ridge.  At  the  time  it  was  unfortunately  supposed 
to  be  one  of  the  commonly  occurring  zeolites  and  only  a  small 
specimen  was  secured.     Keecntly,  while  examining  some  ma- 

*  Dr.  SeUvyD,  on  Boring  Operations  in  the  Souris  Valley.     Report  of  Progress, 
Geol.  Survey  of  Canada,  1879-80,  p.  lU. 
f  Journal  of  the  Chemical  Soc,  II,  ii,  p.  100,  1864. 
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terial  obtained  in  that  region,  this  specimen  came  to  light  and 
as  some  tests  failed  to  classify  it,  a  complete  investigation  was 
nndertaken  with  the  results  here  presented.  In  order  to  obtain 
enough  material  for  analysis  nearly  the  whole  of  the  specimen 
had  to  be  sacrificed.  As  the  mordenite  occurs  in  very  small 
crystals,  one  of  average  size  measuring  under  the  microscope 
^mm  jjj  heigiit  and  breadth  by  about  '4™™  in  thickness,  it  would 
have  been  impossible  to  pick  out  sufficient  pure  material  for 
analysis. 

A  preliri)inary  specific  gravity  determination  showed  it  to 
be  about  2*14  and  it  was  therefore  determined  to  separate  it 
by  means  of  the  Thoulet  solution,  it  being  so  much  lighter 
than  the  pyroxene  and  other  minerals  that  might  be  expected 
in  the  basalt.  The  specimen  was  therefore  crusiied  fine  enough 
to  p3fis  through  an  80  mesh  sieve,  washed  free  from  dust  and 
twice  separated  by  the  Thoulet  solution.  In  the  last  operation 
the  mordenite  floated  on  a  solution  of  2*179,  and  sanx  when 
the  density  was  lowered  to  2'119.  Its  specific  gravity  is  there- 
fore between  these  two  determinations.  The  density  of  the 
Thoulet  solution  was  taken  with  a  Westphal  balance. 

The  material  thus  obtained  after  washing  and  drying,  proved 
on  examination  under  the  microscope,  to  be  of  exceptional 
purity,  consisting  wholly  of  crystal  fragments,  showing  charac- 
teristic outlines  and  cleavage,  and  with  no  adherent  particles 
of  any  foreign  substance.  The  greater  part  were  perfectly 
'  transparent  and  colorless,  occasional  fragments  showed  a  very 
pale  brownish  discoloration  in  spots,  as  if  due  to  the  infiltra- 
tion and  deposition  of  a  minute  amount  of  iron  ore  or  organic 
matter  into  cleavage  cracks.  In  no  respect  as  to  appearance  or 
their  action  on  polarized  light  did  these  latter  differ  from  the 
colorless  pieces. 

A  test  was  again  made  with  the  Thoulet  solution  to  ascer- 
tain if  any  difference  in  specific  gravity  could  be  found 
between  the  two.  Very  careful  testing  failed  to  show  any 
whatever.  Both  floated  and  sank  at  precisely  the  same  densi- 
ties and  in  precisely  the  same  proportion.  Great  confidence  is 
therefore  felt  in  the  purity  of  the  material  operated  upon. 
The  perfect  separation  by  the  Thoulet  solution  was  no  doubt 
due  to  the  heavy,  crumbly  nature  of  the  basalt  with  wliich  the 
mordenite  was  associated  and  its  own  brittleness  and  low  spe- 
cific gravity.  By  this  means  about  one  gram  of  the  pure  min- 
eral was  obtained.  It  was  thoroughly  washed  and  dried  at 
about  70°  F.  It  was  then  finely  powdered  and  subjected  to 
analysis.  A  preliminary  test  showed  that  the  mineral  was 
scarcely  attacked  by  boiling  hydrochloric  acid.  The  material 
was  therefore  divided  into  two  equal  portions  and  in  the  firet, 
which  was  brought  into  solution  by  a  mixture  of  sulphuric  and 
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hydrofluoric  acids,  everything  was  determined  except  the  silica. 
The  second  portion  was  subjected  to  a  sodium  carbonate  fusion 
and  everything  determined  save  the  alkalies. 

The  water  was  first  determined  in  both  portions  by  ignition. 
It  was  given  up  and  the  weight  became  constant  at  a  moderate 
red  heat.  Before  determining  the  water  in  No.  I,  it  was  found 
that  the  powdered  mineral  lost  about  3"6  per  cent  of  water  by 
one  hour's  exposure  to  a  heat  of  100°  C.  The  process  for 
determining  magnesia  and  the  alkalies  was  as  follows.  After 
separating  in  No.  I,  the  alumina  and  ferric  oxides  by  ammonia 
and  the  lime  by  ammoniimi  oxalate,  the  filtrate  was  evaporated 
and  ignited  gently  in  a  platinum  dish  until  all  ammonium  salts 
were  driven  oflF.  The  residue  was  then  dissolved  in  a  little 
water,  and  a  roughly  estimated  amount  of  previously  purified 
barium  hydroxide  added.  By  this  means  all  the  sulphuric 
acid  and  magnesia  present  were  thrown  down  and  the  alkalies 
obtained  in  the  filtrate  in  a  form  suitable  for  conversion  into 
chlorides  and  for  determination,  after  the  excess  of  barium 
hydroxide  had  been  removed  by  ammonium  carbonate.  The 
trace  of  magnesia  was  then  easily  separated  from  the  precipitate 
of  barium  sulphate  by  hydrochloric  acid,  filtered  ofE  and  deter- 
mined. 

The  analysis  was  at  all  points  carried  on  both  as  a  qualitative 
as  well  as  a  quantitative  one.     It  yielded  the  following  results. 

I.  n.  Mean. 


SiO  66-40         66-40 

A1,0,       11-32  11-01  11-17 

Fe.O.  -62  -52  -57 


'«     a 


CaO  1-89  1-98  1-94 

MgO  -20  -14  -17 

K,0  3-58           3-58 

Na,0  2-27           2-27 

H,0  13-31  13-31  13-31 


Ratio. 

1-106 

1-106 

9-00 

•1084  ) 
-0036  f 

•112 

•91 

•0346  ] 

-0042 

•0379  ( 

•113 

•92 

•0366  J 

•7394 

•7394 

6-01 

Total,        99-41 

From  these  ratios  it  ^\^ll  be  seen  that  the  mineral  agrees 
closely  with  How's  general  formula  RO,  Al,0,(SiO,),6H,0  and 
if  the  slight  amount  of  magnesia  is  taken  as  replacing  lime  it  is 
evident  that  the  protoxide  bases  are  CaO  :  Na,0 :  K,0  : :  1 : 1 :1. 
The  composition  is  then  (iK,0,  iNa,0,  -JCaO)  A1,0,  (SiO,), 
611,0.  In  the  type  of  mordenite  analyzed  by  How  there  waa 
only  a  slight  trace  of  potash,  and  his  composition  showed 
(iNa/),  |CaO)  A1,0,  (SiO,).  GH,0  and  in  the  present  mineral 
one  molecule  of  K,0  replaces  one  of  CaO  in  How's  type.  The 
ratios  show  a  slight  dehciency  of  the  bases.  For  the  sake  of 
comparison  we  give  below  the  theoretical  percentages  calcu- 
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ked  for  this  formnia   and 

also  present  How's 

analysis  and 

eory. 

-  1  • 

Mean  }. 

Theory. 

How  J. 

Theory. 

SiO,                       66-40 

65-72 

68-40 

66-73 

A1,0,  (Fe,0,)    11-74 

12-53 

12-77 

12-74 

CaO  (MgO)         2-11 

2-27 

3-46 

4-62 

K,0                       3-58 

3-82 

m    mm    »    ^ 

•  —  —  •         1 

NaO                     2-27 

2-52 

2-35 

2-56 

H,0                      13-31 

13-14 

13-02 

13-35  1 

1 

Totals,        99-41 

100-00 

100-00 

1 

1 00-00 

If,  instead  of  accepting  How's  formula  we  take  the  ratio  of 
e  bases  to  the  silica  as  found  by  my  analysis,  it  will  be  seen 
at  they  give  with  remarkable  exactness  RO :  A1,0, :  SiO, :  H,0 

1 : 1 :  10 :  fr|.  The  formula  becomes  in  this  case  (iK,0, 
vfa^O,  iCaO)  A1,0,  (SiO,).,  6|H,0.  This  becomes  in  gen- 
al  3RAl,Si,oO„+20H,0,  the  three  J^s  being  replaced  by  a 
olecule  each  of  potash,  soda  and  lima 

In  1886,  under  the  name  of  ptilolite,  Cross  and  Eakins*  de- 
jribed  a  new  zeolite  from  Jefferson  Co.,  Colorado,  which, 
ke  the  mordenite,  occurs  as  a  secondary  formation  in  a  basic 
iva.  As  the  result  of  their  investigations  they  assigned  to  the 
lineral  the  general  formula  RAlQoiioOai+SHjO,  in  which  R 
)n8i8ted  of  lime,  potash  and  soda,  not  however  in  any  simple 
itio.  The  similarity  of  these  two  formulse  is  very  striking, 
id  it  seems  evident  that  the  two  minerals  belong  to  the  same 
•oup  of  zeolites,  the  ratio  of  bases  and  silica  being  the  same 

each,  the  chief  difference  being  that  the  ptilolite  contains 
le-quarter  less  of  water.  In  the  crystal  form  and  optical 
operties,  however,  the  two  zeolites  are  entirely  unlike. 
While  this  formula  for  mordenite  confirms  the  work  of 
•OSS  and  Eakins  in  the  existence  of  these  very  acid  hydrous 
icates,  which  can  no  longer  remain  doubtful,  and  the  theo- 
iieal  percentages  calculated  for  it  agree  with  very  great 
►seness  with  the  given  analysis,  it  will  be  best,  however,  to 
Ain  the  composition  given  by  How  on  account  of  its  greater 
aplicity  and  because  it  differs  but  slightly  from  the  above. 
In  the  symmetry  of  its  crystal  form  mordenite  is  monoclinic 
i  also  isomorphous  with  heulandite.  The  crystal  habit  is 
)wn  in  the  figure  and  is  remarkably  similar  to  heulandite 
•m    Jones'   Falls,    near   Baltimore,   Md.      The   only   forms 

served  were  c,  001,  O;  J,  010,  A;  I,  450,  i- {  ;  t,  201,  -%l, 
i  *,  20l,  2-1.  The  measurements  were  made  on  a  Fuess 
liometer,  using  the  d  ocular  of  Websky.  From  the  small 
3  of  the  crystals  and  poor  reflections,  owing  to  dullness  of 

♦lliis  Journal,  vol.  xxxii,  pp.  117,  1886. 
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the  faces  and  to  striations  due  to  a  repetition  of  the  ctteUI 
form  in  parallel  position,  a  considerable  series  had  to  be  examined 
before  any  sharp  reflections  coald  be  ob- 
tained. No  sharp  reflections  conld  be  ob- 
tained from  any  cHno-pinacoid,  since  from 
the  EeparatioQ  of  cleavaKe  plates  it  wis  in- 
variably  too  rough  to  reflect  welL  Finilly 
one  crystal  was  foond  which  gave  very  fair 
and  distinct  reflections  in  tae  prismi^ 
zone  and  from  the  orthodomee.  Another 
gave  eood  reflections  in  the  zone  of  symme- 
try, from  these  the  following  (sapple- 
mentary)angles'were  taken  as  ftrndamenUl: 

c^  I  ss  001^201  =  63*40' 

l^f  =  201.201  E3  50  12 

(»i  B  2oIa4go  =  as  OT 
and  from  these  we  calculate  the  axial  ratios 

a:b:e::  '40101  :  1 ;  '42633,  aogle  p=9a'  30f ' ; 

and  for  henlandite  we  have, 

a:b:t::  ■4034'!  :  1  ;  '43929,  aDxle  0=88*  34}'; 

adopting  the  orientation  given  the  latter  species  by  Des 
Cloizeaux.  Only  one  other  satisfactory  measurement  couM  i)e 
made: 

IaI  =  460-4uO  ^  B3°  16'  52*44' 


The  only  difference  then  between  the  mordenite  and  tlw 
Jones'  Falls  crystals  of  henlandite  m  that  the  prism  occurring 
on  the  latter  if  taken  its  I  (110)  requires  the  similar  prism  on 

the  mordenite  to  be  (450)  i-J. 

The  crystals  occur  attached  at  one  end  npon  their  prismatic 
faces.  They  form  groups  from  growth  parallel  to  tne  clino- 
pinacoid  and  are  also  somewhat  radially  disposed.  The  cleav- 
age is  eminently  elino-diagonal  and  the  luster  of  Uic  clino- 
pinacoid  is  pearly,  so  that  cleavage  fragments  resemble  small 
nacreous  fish  scales.  Under  the  polarizing  microscope,  using 
cleavage  plates  of  the  mineral  which  furnish  sections  panJIel 
to  the  clino-pinacoid,  it  was  found  that  the  plane  of  the  optic 
axes  is  normal  to  this  face.  The  direction  of  extinction  is 
negative,  according  to  the  scheme  adopted  for  the  plagiodaee 
feldspars  and  inclmed  about  15°  to  the  clino-diagonal  aiie. 
This  axis  of  elasticity  =  c  and  1=  a.  The  optic  angle  is  lai^ 
and  it  is  uncertain  whether  c  or  a  is  the  acute  bisectrix ;  the 
double  refraction  is  weak,  high  polarization  colors  being  shown 


D,  W.  La/ngdon — Geology  of  Mqn  Louis  Island.     237 

only  by  the  thickest  Bections  between  crossed  nicols,  while 
thin  sections  show  gray  of  the  first  order.  *  The  hardness  of 
mordenite  is  about  3.  How  gives  5  for  his  mineral.  While  it  is 
difficult  to  ascertain  the  exact  hardness  of  a  species  occurring 
in  such  small  brittle  crystals  it  was  certainly  not  so  hard  as  5, 
and  3  is  believed  to  be  more  correct.  Before  the  blow-pipe 
mordenite  does  not  exfoliate;  it  gives  off  its  water  readily, 
practically  without  changing  its  form,  and  melts  with  some 
difficulty  to  a  white  enamel. 

The  writer  desires  at  this  place  to  express  his  obligations  to 
Mr.  Arnold  Hague  of  the  U.  8.  Geological  Survey,  to  whose 
kindness  the  collection  of  this  mineral  was  due,  and  to  Prof. 
S.  L.  Penfield  for  valuable  assistance  and  advice. 

Mineralogfical  Laboratory,  Sheffield  Scientific  School,  April  14th,  1890. 


Art.  XXXI. — Geology  of  Mon  Louis  Island^  Mobile  Bay  ; 

by  Daniel  W.  Langdon,  Jr. 

In  1855  Tuomey*  was  handed  some  fossiliferous,  ferruginous 
sandstone  from  the  western  shore  of  Mobile  Bay,  containing 
impressions  of  Vardium  Tnagnum^  Ostrea  Virginica  and  a  Moa- 
iola  resembling  M.  demiasa^  but  was  unable  to  fix  definitely 
the  locality.  In  1885  Dr.  Geo.  H.  Taylor,  of  Mobile,  gave  the 
writer  a  small  box  of  shells  obtained  from  the  mud  dredged  in 
the  channel  of  Mobile  Bay,  some  ten  miles  from  the  Gulf. 
From  their  physical  appearance  they  were  supposed  to  be  fossil 
— perhaps  Pliocene  or  even  Miocene,  and  with  the  idea  of  es- 
tablishing this  fact  they  were  submitted  to  Mr.  T.  H.  Aldrich, 
of  Blocton,  Ala.,  who  in  turn  forwarded  them  for  identification 
to  Mr.  W.  H.  Dall,  of  the  National  Museum.  Mr.  Dall  decided 
that  they  were  recent  shells  now  living  in  the  deeper  waters  of 
the  Gulf  and  probably  washed  in  the  bay  by  submarine  currents. 
Some  time  later  Dr.  Taylor  submitted  another  lot  of  shells  con- 
tained in  the  same  matrix,  an  impalpable  blue  mud,  and  said  to 
have  been  found  on  the  Mon  Louis  Island,  some  fifteen  miles  be- 
low Mobile.  A  trip  to  the  island  proved  its  identity  with  Tuo- 
mey's  locality,  ''  Yellow  Jack  "  being  a  Creole  patriarch  whose 
descendants  still  inhabit  Mon  Louis.  As  was  stated  by  Tuomey's 
informant,  this  fossiliferous  stratum  was  found  to  be  about 
three  feet  above  mean  tide,  and  was  clearly  the  oxidized  and 
lithified  phase  of  the  shell -bearing  blue  mud  occurring  at 
various  elevations  along  the  coast  of  the  island  to  within  about 
four  miles  of  the  Gulf,  and  found  in  the  dredged  channel  of 
the  Bay.     These  blue  mud  deposits  are  sometimes  filled  with 

♦  2d  Bien.  Report  on  Geol.  of  Ala.,  pp.  149-150,  1859. 
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shells,  at  others  free  from  organic  life,  at  times  taking  the  fonn 
of  extensive  oyster  beds,  at  others  having  more  marine  charac- 
teristics, containing  Natica  duplicata,  Area  transvergay  Car- 
diiini  inagmira^  Pecteii  sp.  ?,  et  als. 

Wells  dng  in  the  vicinity  demonstrate  the  continuity  of  this 
bed  inland,  and  Hilgard*  has  noted  its  occurrence  farther  west- 
ward. These  wells  reveal,  too,  a  substratum  of  fetid  black  clay 
containing  cypress  logs,  what  seems  to  be  the  remains  of  a  sab- 
merged  cypress  swamp.  A.n  interesting  fact  is  that  these  same 
fetid  clays  have  been  encountered  in  ^vells  dug  in  the  suburbs 
of  Mobile,  but  so  far  as  the  writer  has  been  able  to  ascertain, 
the  shell  bed  has  never  been  found  so  far  north. 

Overlying  these  shell  beds  on  Mon  Louis  Island  and  making 
the  surface  soil  through  south  Mobile  County  are  series  of 
cross  bedded  sands  and  loams  usually  very  light  colored  and 
devoid  of  clay  or  pebble  beds.  These  beds  are  about  fifteen 
feet  thick  ana  are  quite  similar  to  the  beds  of  sandy  loam  found 
in  the  western  part  of  the  city  of  Mobile.  McGee*  has  deter- 
mined these  last  named  loams  as  belonging  to  his  Appomattox 
group,  and  should  his  identification  prove  correct  it  would 
change  the  age  of  the  Appomattox  to  a  more  recent  date  than 
he  now  seems  to  suppose. 

It  establishes,  however,  a  further  extension  inland  than 
that  marked  by  the  present  coast  line  and  a  fluctuation  in  the 
elevation  of  the  floor  of  the  Gulf  in  post-Tertiary  times,  which 
fact  is  believed  to  have  not  been  previously  noted. 

Cincinnati,  0.,  June  30,  1890. 


Art.  XXXII — On  Leptcenuca^  a  new  genv^  of  Brachiopod 
from  the  Lower  Tlelderberg  group;  by  Charles  E.  Beecher, 
Ph.D.     (With  Plate  IX.) 

The  species  which  is  here  proposed  as  the  type  of  a  new 
genus  has  long  been  considered  as  belonging  to  JLeptasna,  and 
was  thus  described  in  1859.t  I^  general  external  appearance, 
both  forms  agree  very  closely,  but  on  careful  examination,  some 
differences  may  be  detected  and  a  comparison  of  the  internal 
features  reveals  marked  distinctions  which  cannot  be  included 
within  the  limits  of  a  single  genus. 

The  probability  of  a  needed  separation  was  significantly  in- 
dicated by  Professor  James  Hall,  in  a  reference  to  figures  of 
this  species  published  in  the  Report  of  the  State  Geologist  for 
1882,J:  where  it  was  designated  as  Zeptoena?  {sulhgentis  f)  con- 

*  Agric.  and  Geol.  of  Miss.,  pp.  154-156,  1860. 

t  Pal.  N.  v.,  vol.  iii,  p.  197,  PL  XVIII,  fig.  2,  1859. 

\  Id.  explanation  of  plate  (xv),  46,  figs.  30,  31,  1883. 
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ava  Hall.  Mr.  J.  M  Clarke  has  also  called  the  writer's 
ttention  to  some  of  the  peculiarities  of  this  group,  and  to 
•De  or  more  new  and  interesting  associated  species  which  he 
las  recently  discovered,  and  which  are  congeneric. 

As  the  tyf>e  species  is  among  the  rarer  forms  from  the 
x)wer  Helderberg  strata,  it  is  probable  that  lack  of  material 
las  prevented  any  one  from  determining  its  principal  charac- 
ere.  Up  to  this  time,  no  dorsal  valve  has  been  described  or 
llustrated,  and  the  features  of  the  ventral  valve  have  not  been 
onsidered  of  sufficient  moment  or  determination  to  warrant 
.  separation  from  Leptcena, 

The  material  studied  by  the  writer  comprises  six  specimens, 
hree  of  which  are  separate  valves,  one  ventral  and  two  dorsal. 
&.180,  the  original  types  in  the  American  Museum  of  Natural 
History  in  New  York  City  have  been  examined,  and  it  is  now 
evident  that  we  have  enough  knowledge  of  the  species  to 
remove  it  from  LeptcBna^  and  to  draw  some  interesting  com- 
parisons with  forms  which  hitherto  have  had  no  apparent  rela- 
tionship to  it. 

LeptuEnisoa,  gen.  nov. 

Shell  concavo-convex,  attached  to  foreign  objects  by  calcare- 
ous cementation  of  the  ventral  beak.  Valves  articulated  by 
teeth  and  sockets.  Dorsal  or  socket  valve  (figures  4,  5)  con- 
cave; interior  with  a  broad,  more  or  less  defined,  spiral  im- 
pression on  each  side  of  the  median  line,  making  a  single 
solution.  Adductor  impressions  small.  Cardinal  line  narrow, 
bearing  in  the  center  two  prominent,  bilobed,  cardinal  pro- 
cesses, separated  to  admit  the  vertical  septum  in  the  opposite 
beak  (figures  2,  3). 

Ventral  valve  (figure  1)  convex,  area  elongate,  triangular, 
Sssure  covered  with  a  pedicle-sheath.  Cardinal  muscular  scar 
supported  on  or  limited  by  two  elevated  lamella?.  Cavity  of 
>eak  divided  by  a  vertical  septum,  on  each  side  of  which,  in 
he  anterior  half,  is  a  small  adductor  scar.  Shell  structure 
>unctate.     Type  Leptmna  concava  Hall. 

Besides  the  foregoing  essential  characters  presented  by  the 
ype  species,  there  are  others  which  are  mainly  of  specific  in- 
erest.  Both  valves  are  strongly  papillose  on  the  interior,  and 
be  dorsal  has  a  low  ridge  within  the  margin,  impressed  by  the 
ascular  lines.  The  surface  ornamentation  consists  of  fine 
Itemating  interrupted  radiating  strise,  very  closely  resembling 
be  sculpture  of  many  species  of  Lejyto^na. 

There  appears  to  be  little  in  common  between  this  species 
nd  LepUBTia  of  the  Z.  transveraalia  type,  except  in  the  articula- 
ion  of  the  valves,  the  punctate  shell  structure,  and  the  general 
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form  and  surface  ornamentation.  The  more  imDortont  internal 
characters,  such  as  the  cardinal  muscular  lamellae,  small  doreal 
adductor  scars,  spiral  impressions,  attached  ventral  valve,  and 
cleft  dorsal  callosity,  are  incompatible  with  that  genus  as  ex- 
pressed by  the  species  Leptcena  transversalis  Dalman. 

The  muscular  scars  and  hinge  characters  are  similar  to  the 
strophomenoid  g:roup,  but  on  the  other  hand,  the  Productida 
possess  many  elements  which  find  an  expression  in  Zeptamiscaj 
and  it  is  evidently  genetically  related  to  that  family  and  may 
be  considered  as  an  ancestral  form  of  StrapAalosia. 

With  this  view,  the  spiral  markings  on  the  interior  of  the 
dorsal  valve  represent  the  common  reniform  impressions  of 
the  Productidae,  and  not  true  brachial  impressions,  such  as 
occur  in  Koninckina,  Compare  figure  5  with  typical  Strophe 
aloaia  represented  in  figures  6  and  16. 

Yale  UniverBity  Museum,  May  Ist,  1890. 


Art.  XXXIII. — North  American  Species  of  Strophalosia; 
by  Charles  E.  Beecher,  Ph.D.    (With  Plate  IX). 

The  little  shells  described  in  this  paper  from  Carboniferous 
and  Devonian  formations  of  North  America  are  always  found 
attached  to  some  other  organism,  and  none  have  yet  been 
noted  wliich  reach  the  size  and  spinoseness  of  their  Permian 
congeners.  They  were  evidently  derived  from  free  ancestral 
forms,  as  they  all  exhibit  a  pedicle-sheath,  although  from  their 
habit  of  fixation  a  pedicle  would  be  functionally  useless.  It  is 
natural  to  suppose,  however,  that  in  their  extremely  early 
stages,  the  shells  were  unattached,  and  simply  anchored  by  a 
pedicle,  as  in  ordinary  brachiopods,  and  after  a  brief  free  ex- 
istence, they  fixed  themselves  to  some  foreign  object  by  their 
tubular  spines,  and  by  calcareous  cementation  oi  the  ventral 
valve.  In  many  cases  the  specimens  are  found  gregarious,  as 
many  as  twelve  having  been  seen  on  the  shell  of  a  single  gas- 
tro]>od,  which  itself  was  commensal  with  a  crinoid  (see  lig.  24j. 

The  fii-st  specimens  discovered  by  the  writer  were  found 
u])on  individuals  of  Platyceras  equilat^'oJ^  Hall ;  among  some 
collections  made  by  Professor  I.  II.  Bradley  and  Rev.  D.  A. 
Bassett,  from  the  Keokuk  shales,  at  Crawfordsville,  Indiana, 

Subsequent  search  resulted  in  determining  that  the  species 
described  as  Vnmid  radicans  Winehell,  belonged  to  the  genus 
Siroj)h(il(ma,  Soon  after  this,  ilr.  Charles  Schuchert  kindly 
called  my  attention  to  a  third  and  minute  species,  which  he 
had  (liseovere.i  among  some  specimens  of  larger  brachiopods, 
collected  by  Mr.  K.  K.  Rowley  from  the  Choteau  limestone  of 
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Ifissonri.  Besides  these  three  species,  others  from  various 
formations  have  been  described  and  referred  to  different  genera 
sehich,  it  is  believed,  will  eventually  be  included  under  Stroph- 
lUosia^  and  others  thus  determined  may  ultimately  be  placed 
slsewhere.  Several  will  require  the  reexamination  of  the  type 
ipecimens,  and  the  study  of  additional  material,  before  any 
axed  conclusions  can  be  reached,  so  that  they  will  be  but 
briefly  noticed  in  this  place. 

ProdxicieUa  truncata  Hall,*  from  the  Marcellus  shale,  uni- 
formly shows  a  truncation  or  cicatrix  of  the  ventral  beak,  indi- 
cating an  early  condition  of  attachment  which  is  very  sugges- 
tive of  Strophalosia.     This  relationship  was  recognized   by 
Professor   Hall   in    1857  (loc.   cit.),  where   he  says   in   some 
general  remarks  on  the  "  Producti  of  the  Hamilton  and  Che- 
mung groups:"  ''Among  these  are  several  forms  which  ex- 
temwly  have  the  form  of  Strophalosia,^^    J.  F.  Whiteaves, 
F.G.S.,t  recently  again  recognized  these  relations,  and  refers 
to  the  species  as  Prodv^tMa  {Strophalosia?)  truncata.     He 
also  illustrates  a  specimen  of  StropKalosia  productoides  Mur* 
chison,  from  the  Devonian  (Hamilton)  rocks  on  the  Athabasca 
River,  identified  by  Thomas   Davidson,  and  this,  so  far  as 
known,  is  the  first  unqualified  recognition  of  the  genus  in 
North  America.     Chonetes  muricatus  Hall,:j:  offers  about  the 
same  amount  of  evidence  as  Productdla  truncata^  and  may 
tentatively  be  placed  with  Strophalosia. 

Dr.  Shumara  in  1858§  described  a  species  from  the  Permian 
of  Texas  as  Aulosteges  OvudaZupensis^  and  in  a  subsequent 
paper  in  the  same  volume,  he  again  refers  to  it  as  Strophalonia 
(Aulosteges)  Giuidalupensia,  giving  two  figures  in  illustration. 
The  writer  is  unable,  either  from  the  figures  or  description,  to 
express  any  definite  opinion  as  to  its  generic  relations,  and 
doubts  whether  it  will  go  into  either  of  the  two  genera  men- 
tioned. 

In  1864,  Professor  Winchell  provisionally  referred  a  species 
to  Strophalosial  with  the  specific  name  of  nummularis^  which 
apparently  belongs  to  this  genus  or  to  Productus,  In  this 
instance,  again,  further  examination  of  specimens  is  requisite. 

The  principal  object  of  these  citations  is  to  call  attention  to 
the  species  which  have  been  referred  to  Strophalosia^  and  to 
suggest  others  which  may  ultimately  go  with  it.      The  two 

♦  Tenth  Ann.  Rept.  N.  T.  State  Cab.  Nat.  Hiat.,  p.  161,  1857. 

f  Contributions  to  Canadian  Palaeontology,  vol.  i,  pt.  II,  p.  112,  1889. 

Pal.  N.  Y.,  vol.  iv,  p.  142,  1867. 

Transactions  of  the  St.  Louis  Academy  of  Science,  vol.  i,  p.  292,  1858. 

Proc.  Acad.  Nat.  Sci.  Philadelphia,  vol.  xv,  p.  4,  1864. 
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following  species  yield  more  positive  evidence :  Crania  radl- 
cans  Winchell*  and  Aulosteges  spojidylifortnis  White  and  St 
John.f 

The  first  is  here  illustrated  by  figures  14-17,  Plate  IX,  tnd 
is  seen  to  agree  with  typical  Strophalosia  in  every  essential 
feature.  The  second  {Aulosteges  spondyliformis\  from  the 
Upper  Coal  Measures  of  Iowa,  in  many  respectd,  resembles  the 
species  here  described  from  the  Keokuk,  but  in  general  form 
it  is  more  like  the  European  Permian  types.  The  anthois 
give  the  accompanying  description,  which  well  expresses  the 
characters  in  accord  with  Strophalosia, 

''Shell  minute,  parasitic,  subtriangular  in  outline,  greatest 
width  near  the  front  margin ;  posterior  half  of  the  latenl 
margins  straight;  front  broadly  rounded,  and  slightly  emar- 
ginate.  Ventral  valve  not  very  deep,  attached  to  foreign 
objects  by  its  spines,  which  are  numerous  and  rather  long; 
area  not  quite  so  high  as  wide,  retreating  from  the  hinge  line 
towards  the  beak  ;  pseudodeltidium  small  and  not  very  promi- 
nent." 

"  Dorsal  valve  slightly  concave,  a  little  more  so  toward  the 
front  margin;  surface  marked  by  somewhat  prominent  con- 
centric lines  of  growth,  having  always  fewer  spines  than  that 
of  the  ventral  valve,  and  sometimes  none." 

The  number  of  spines  shown  in  the  specimen  figured  by 
them  is  eleven,  and  attention  is  called  to  the  fact  that  the 
specimens  were  found  attached  to  ChoRtetes  and  CarnpophyUnm, 

From  present  information,  therefore,  the  genus  Strophalmn 
may  be  considered  as  having  the  following  American  species, 
some  of  which,  however,  are  doubtfully  incladed. 

Strophalosia  radicayis  Winchell.     Hamilton  group. 
Strophalosia  productoides  Murchison.     Hamilton  group. 
Stro2)halosia  scintilla  Beecher.     Choteau  limestone. 
Strojyhalosia  Keokuk  Beecher.     Keokuk  group. 
Strophalosia  spondyliformis  White  and  St.  John.     Upper 

Coal  Measures. 
Strophalosia  trimcata  Hall.     Marcellus  shale. 
Strophalosia  /  nniricata  Hall.     Chemung  group. 
Strophalosia?  ?iiifnmulina  Winchell.     Marshall  group. 
Stropthalosia  ?   Giiadalupensis  Shumard.     Permian. 

Several  original  illustrations  of  typical  Permian  species  are 
introduced  on  Plate  IX  for  the  purpose  of  comparison  both 
with  the  American  Sti'ophalosia,  and  with  the  genus  Lept^B- 
nisca. 

*  Kept.  Lower  Poninsula  Midi.,  p.  92,  1866. 
f  Trans.  Chicago  Acad.  Sci.,  vol.  i,  p.  118,  1868. 
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Descriptions  of  Species, 

yphalosia  radica7i8  Wmchellj  8p.  (Plate  IX,  figures  14-17). 
broadly  elliptical,  or  ovate,  wider  than  long;  greatest 
near  the  middle.     Ventral  valve  conforming  to  the  sur- 
>f   attachment,  except  at  the  elevated   and   free  edges, 
are  usually  furnished  with  from  ten  to  twenty  tubular 
extending  downwards  and  adhering  to  the  object  of 
•n ;  hinge  with  two  strongly  developed,  slightly  oblique, 
al  teeth  ;  cardinal  muscular  impressions  small,  separated 
light  ridge  or  septum.     Dorsal  valve  convex  at  the  beak, 
concave  below,  marked  by  lamellose  concentric  lines  of 
h,  and  by  a  row  of  oblique  wrinkles  along  the  cardinal 
interior  with  a  conspicuous,  narrow,  and  elongate  bifid 
al  process  extending  beyond  the  hinge,  and  with  deep 
sockets  on  each  side  ;  adductor  muscular  scars  well  de- 
septum  only  developed  in  the  central  portion  of  the 
i  reniform  impressions  distinct,  enclosing  a  comparatively 
and  strongly  pustulose  area. 

ventral  valve  has  a  width,  excluding  spines  of  7'6™% 
length  of  5-5°*".     The  dorsal  valve,  figure  16,  measures 
I  width  and  5™™  in  length. 

ten  well  preserved,  the  spines  are  very  rugose,  and  have 
the  appearance  of  a  minute  annelid  tube,  as  represented 
ire  17.  They  often  extend  4°*™  beyond  the  edge  of  the 
but  are  not  so  numerous  nor  so  elongate  as  in  S.  Keokuk. 
small  ventral  valve,  growing  in  a  cavity  in  the  epitheca 
oral,  is  attached  only  by  the  beak,  and  by  spines  from  the 
lal  margin.  The  remainder  of  the  valve  is  free,  and  the 
form  is  very  convex,  with  the  surface  marked  by  irregu- 
mellose  striae  and  by  infrequent  short  spines,  which 
le  stronger  and  more  elongate  near  the  surface  of  attach- 

^logical position. — Shales  of  the  Hamilton  group,  on  spe- 
s  of  Acervxduria  Davidsoni  E.  and  H.,  and  Zaphrentis 
rrsensis  Winchell,  Little  Traverse  Bay,  Michigan.  Pre- 
l  to  Yale  University  Museum  by  Professor  Alexander 
bell. 

Strophalosia  scintilla  sp.  nov.  (Plate  IX,  10-13). 

ill  minute,  broadly  ovate,  widest  across  the  middle.  Dor- 
Ive  convex  at  the  beak,  flat  or  concave  below ;  beak  in- 
icuous  ;  interior  with  small  adductor  muscular  scars ;  pus- 
near  the  margins ;  reniform  impressions  not  defined  in 
ingle  interior  of  this  valve  observed.  Ventral  valve 
ited  to  foreign  objects ;  margin  elevated  and  usually 
hed  with  a  variable  number  of  short  procumbent  slender 
I,  not  exceeding  six  in  the  specimens  examined ;  hinge  a 
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little  shorter  than  the  width  of  the  shell,  with  a  narrow  trian- 

fular  central  fissure,  covered  by  a  pedicle-sheath;  teeth  well- 
eveloped ;  cardinal  mnscular  scars  small,  obscure,  confined  to 
the  umbonal  cavity. 

A  specimen  of  medium  size  measures  2*6°^  in  width,  and 
l-6°^'"  in  length. 

Some  examples,  as  in  figure  11,  are  without  marginal  spines, 
and  none  have  shown  them  developed  along  the  ninge,  as  is 
characteristic  of  the  other  species  here  described.  All  the 
individuals  observed  have  been  found  attached*  to  larger  forms 
of  brachiopods  of  the  genera  Productella^  Spirifer^  Syringo- 
thyris^  and  Cyrtina, 

Geological  position. — From  the  Choteau  limestone,  Pike 
County,  Missouri.  Collected  by  R.  R.  Rowley,  and  loaned  to 
the  writer  by  Charles  Schuchert. 

Strophalosia  Keokuk  sp.  nov.  (Plate  IX,  figures  18-24). 

Shell  broadly  elliptical  or  ovate,  truncate  along  the  hinge, 
greatest  width  usually  near  the  middle  of  the  length.  Ventral 
valve  attached  by  its  central  portion ;  margins  furnished  with 
numerous,  often  crowded,  spmes  serving  as  additional  points 
of  attachment  to  foreign  objects ;  area  triangular,  with  a  nar- 
row fissure  covered  by  the  pedicle-sheath ;  cardinal  teeth  well- 
developed  ;  muscular  scars  faintly  defined  and  separated  by  an 
obscure  median  septum ;  interior  finely  pustulose  and  marked 
about  the  margins  by  openings  leading  into  the  tubular  spines. 
Dorsal  valve  concave,  convex  on  the  umbo  and  beak;  surface 
smooth  or  marked  by  a  few  concentric  wrinkles ;  cardinal  pro- 
cess present ;  interior  not  observed. 

The  largest  specimen  observed  has  a  width  of  11™",  and  an 
individual  of  average  size  measures  6*5"™  in  width  and  4*8°'°  in 
length. 

All  the  specimens  which  have  thus  far  been  found  are  on 
shells  of  Platyceras,  Many  of  the  latter  were  attached  to  the 
tegmina  of  erinoids,  as  they  frequently  occur  at  Crawfordsville. 
Indiana.  In  a  collection  comprising  about  two  hundred  PUif 
ceran^  twenty  were  found  supporting  Strophalosia^  and  sixty- 
seven  valves  of  this  genus  were  observed  on  these  specimens. 

Mr.  Charles  Schuchert  has  called  the  writer's  attention  to  a 
specimen  of  ProductuH  horridus  Sow.,  on  which  are  one 
mature  and  eight  young  individuals  of  Strophalosia  Goldfum 
Munster.  The  larval  shells  bear  a  very  close  resemblance  to 
the  specimens  of  S,  Keokiik  here  described,  and  in  their  earlv 
stages  of  growth  both  species  are  indistinguishable  from  each 
other.  iS^.  Goldfussi^  however,  develops  spines  on  the  dorsal 
valve  at  an  early  period,  while  none  have  yet  been  seen  on 
specimens  of  S,  Keokuk, 
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Geological  position. — In  the  Keokuk  shales  at  Crawfords- 
Tille,  Indiana.  Collected  by  Professor  F.  H.  Bradley  and  Rev. 
D.  A.  Bassett. 

Yale  Universitj  Museum,  May  27th,  1890. 


EXPLANATION  OF  PLATE  IX. 

Leptjsnisca  concava,  Hall,  sp. 

Figure  1. — Ventral  valve,  interior;  showing  cardinal  area  and  teeth;  cardinal 

muscular  lamellse,;    adductor   impressions,  a;    vertical  septum. 

Natural  size. 
FiocRE  2. — Posterior  view  of  dorsal  cardinal  process,     x  3. 
Figure  3. — The  same ;  seen  from  above,     x  3. 
Figure  4. — Dorsal  valve ;  side  view  in  outline,     x  3. 
Figure  5. — Dorsal  valve,  interior;   showing  cardinal  processes,  dental  sockets, 

adductor  muscular  scars,  median  ridge,  and  spiral  impressions. 

Natural  size.    Lower  Helderberg  group,  Clarksville,  N.  Y. 

Strophalosia  bxcavata,  Geinitz. 

Figure  6. — Dorsal  side  of  internal  mould ;  showing  muscular  scars,  septum,  and 

reniform  impressions.     Natural  size. 
Figure  7. — Ventral  view  of  another  specimen,   showing  the  adductor  scars. 

Natural  size. 
Figure  8. — ^Profile  of  same.    Natural  size.    Permian,  Poesneck,  Germany. 

Strophalosia  Goldfussi,  Munster. 

Figure  9. — Internal  mould  of  ventral  valve :  showing  cardinal  and  adductor 
muscular  scars,  and  vascular  lines.  Natural  size.  Permian, 
Trebnitz,  Germany. 

Strophalosia  scintilla,  Beecher. 

Figure  10. — Specimen  adhering  to  ventral  valve  of  Productdkt  pyxidata^  Hall. 

Natural  size. 
Figure  11. — Specimen  showing  no  spines;    growing  on   Spirifer  Marionensis^ 

Shumard.     x  6. 
Figure  12. — Specimen  showing  four  spines;  on  PtoducteUa pyxidatOy  Hall      x  6. 
Figure  13. — Interior  of  ventral  valve,  on  Syringothyria  sp.;  showing  cardinal 

muscular  scars,  hinge  area,  teeth  and  six  margiual  spines,     x  6. 

Choteau  limestone,  Pike  County,  Missouri. 

'  Strophalosia  radioans,  Winchell,  sp. 

Figure  14. — Interiors  of  two  ventral  valves;  showing  hinge-teeth  and  spines. 

X  2.     Specimens  of   Spirorbis  became  attached  after  death  of 

Stroplialosia. 
Figure  15. — Specimen  preserving  dorsal  valve ;  showing  cardinal  wrinkles,     x  2. 
Figure  16. — Interior  of  dorsal  valve ;  showing  adductor  muscular  scars,  reniform 

impressions,  cardinal  process,  and  dental  sockets,      x  2. 
Figure  17. — Spine  enlarged  to  10  diameters,     Hamilton  group,  Little  Traverse 

Bay,    Michigan.       Specimens    figured,   growing  on   Acervularia 

Damdsoni,  E.  and  H. 

Stuophalosia  Keokuk,  Beecher. 

Figure  18. — Interior  of  imperfect  ventral  valve  showing  muscular  scars,  septum 

and  numerous  long  slender  marginal  spines,      x  2. 
Figure  19. — Small  specimen  preserving  dornal  valve,      x  2. 
Figure  20. — Profile  of  same,     x  2. 
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FiaURB  21. — CBrdinat  view  or  Tsntnl  valve,  from  right  aide  of  ■pediiwD  taut 

22.      X  2. 
FiacBB  22. — InteriorB  of  two  ventral  valves.    Led  specimen  shows  Mptum  and 

muscular  scara.     Center  of  rigiit  hand  valve  has  bem  Knnn^ 

czpoBing  shell  of  Platyeeraa.     x  2. 
KiQURE  23. — Cardiaal  view  or  spcciinca,  sbowiog  pedicle-sheath,  dorsal  ctUuil;, 

hiogc  area  and  numerous  spines,      x  !. 
Figure  24, — Shell  of  I'lalyctrai  equilaterale,  H.,  on  t^mon  of  OUaeritMt  (Htwrnit 

(Qol  represented)  showing  numerous  attached  speoimeiu  ot  ttui 

species  in  various  conditions  and  stages  ol  growth.     Natural  lix. 

Keokuk  group.  Craw  fords  ville,  Indiana. 


Art.  XXXIV. — Notes  on  Ote  Mioroacopic  Structure  qf  OolHi, 
■with  anali/aes ;  by  Erwin  H.  Babbour  and  Joseph 
TORREY,   Jh. 

While  making  notes  the  past  antiimn  and  winter  prepara- 
tory to  a  thorougli  study  of  the  oolite  of  Iowa,  several  points 
were  noted  winch  seemed  to  the  writers  to  be  of  snmcient 
interest  to  be  preBented  liere  Ordinary  oolite  occnrs  in  this 
State  in  deposits  of  considerable  extent,  but  it  is  not  proposed 
at  this  time  to  do  more  than  to  describe  the  microscopic  Btnir- 
tuies  and  to  give  analyses  of  two  forms.  The  following  are 
analyses  of  two  varieties  of  the  Iowa  river  oolite : 
I.  3. 

(Mite  with  breccialed  granalti. 

Silica 4-5e 

Oxide  of  alumiDium  ..  )     .  .,, 

Oxideofiron {     ^  *'' 

Oalcium  carbonate  . . .      H-S3 
Magnesium  carbonate.       T50 


Silic 


tionary  elraclure. 


Oxide  or  aluminium  ..  (     „„ 

Oxideofiron (     V 

Calcium  carbonate 85  99 

Magnesium  carbonate.        852 
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Th6  kind  shown  in  fig.  1  is  the  familiar  concentric  type,  the 
other,  shown  in  tig.  2,  illustrates  one  with  a  sort  of  brecciated 
spherole,  each  being  composed  of  a  mosaic  of  exceedingly 
small  fragments  cemented  together  about  a  center.  Though 
differing  so  widely  under  the  microscope,  these  two  are  essen- 
tially alike,  showing  only  slight  external  and  chemical  differ- 
ences. Other  aspects  of  these  and  other  specimens  will  be 
fully  considered  at  another  time. 

While  examining  these  specimens,  a  siliceous  oolite  was 
received  from  eastern  Pennsylvania,  which  merits  description. 
Popularly  the  name  oolite  presupposes  a  calcareous  rock,  yet 
we  have  at  hand  several  characteristic  oolites  which  are  not 
calcareous ;  these  include  an  iron-oxide  form,  a  strictly  siliceous 
kind,  a  silica-lime,  and  a  lime-silica  form.  The  last  two  seem  to 
be  transitional  forms  between  the  true  lime  or  calcareous  oolite 
on  the  one  hand  and  the  siliceous  on  the  other.  In  the  siliceous 
oolite  the  roe  and  matrix  are  so  intimately  united,  both  being 
nearly  pure  silica,  that  the  conchoidal  fractures,  in  the  denser 
sorts,  pass  alike  through  spheres  and  cement,  as  if  it  were  a 
homogeneous  quartzite.  In  the  more  friable  sorts  the  concre- 
tions pull  away  intact  from  the  matrix,  and  present  to  the  eye 
the  familiar  fish-roe  appearance  of  oolite  proper,  for  which  it 
could  easily  be  mistaken  by  a  careless  ODserver.  A  second 
glance,  however,  reveals  certain  superficial  differences,  in  hard- 
ness, color,  etc.  In  the  siliceous  oolite,  the  concretions — which 
are  noticeably  uniform  in  size  and  spherical  in  form — are  con- 
siderably darker  than  the  surrounding  matrix,  being  almost 
black  in  some  specimens.  On  the  other  hand,  those  in  the 
true  oolite  are  generally  of  a  much  lighter  color  than  the  cal- 
careous cement.  A  fractured  surface  of  the  siliceous  variety 
exposes  the  component  spherules  in  section,  showing  their 
concretionary  structure — their  concentric  coats  of  alternately 
lighter  and  darker  color,  deposited  around  real  or  imaginary 
centers.  In  many,  organic  remains  are  the  nuclei ;  in  others, 
crystals  or  fragments  of  inorganic  matter. 

A  polished  surface  of  this  oolite  slightly  etched  with  hydro- 
fluoric acid  shows  to  perfection  these  agatized  bands;  and  a 
microscopic  section  brings  them  out  to  still  greater  advantage, 
[n  such  a  section,  under  a  low  power,  it  is  interesting  to  notice 
ihe  numerous  rings  of  various  widths  and  colors  arranged 
ironnd  their  respective  centers,  and  to  further  observe  how 
•/his  concentric  arrangement  continues  on  into  the  matrix  of 
;he  interstices  not  unlike  the  coast  lines  on  a  map.  Often  the 
nterspaces  are  tilled  with  aggregations  of  minute  spherules 
not  visible  to  the  eye),  which  also  show  concentric  rings  (see 
(igs.  5  and  6).     In  several  instances,  lines  of  faults  run  through 
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the  epecimene,  pulling  the  spherules  apart,  displacing  and  dis- 
torting them  in  an  interesting  manner. 

One  of  our  most  suggestive  specimens  of  this  oolite— in 
intermediate  form  between  the  lime  and  the  siliceonB  Tariede* 
— shows  two  distinct  bands,  marked  by  a  strong  dividing  line 
line  (see  fig.  4). 


Fio.  B. — Portion  troni  which  Ihe  micro-sectioa  of  flg.  4  waa  cut,  at  a.  Fio.  *.— 
PennajWanin  OoliM,  Lao,  Lime-Silics  Oolite;  Slo,  SilicS'Lime  Oolite  magtiiBad  M 

diameters, 

Aiialyaia  of  Lime-Silica  OoliU  (Lao).  Anaiytit  of  SiUca-Lime  OoHIt  (Slo). 

Silica - 3-70     Silica se-SO 

Oside  of  aluminium  ..  )           _  Oxide  of  alumininm  ,.  I     ..j^ 

Oxide  of  iron \  Oxide  of  iron \ 

Calcium  carbonate 88'71     Calcium  carbonate 168i 

3Iagnesium  carbonate.        809  Mngneaium  carbonate.        2'60 

Water 12-54 

100-92  

Specific  gravity 2-054  C^'^* 

Specific  gravity 2-«ef 

One  band  is  a  lime-silica  oolite,  the  other,  a  silica-lime  oolite. 
The  iiiicrdseopie  Kectioii  of  tliia  piece  shows  the  two  band.- 
plainly  (see  Hg.  i).  The  linieisilica  hand  is  distingnished  bv 
sphtTules  having  a  marked  i-adiate  structure.  Crossing  tbtf 
dark  dividing  line  of  granules,  we  find  the  silica-lime  band 
characterized  by  a  lighter  color,  and  by  sphemles  having  ibe 
concentric  uti-ucturc,  interspersed  with  occasional  radiate  strag- 
glers. "While  tliei-e  are  mdications  of  a  different  mode  of 
formation,  it  seems  probable  that  the  siliceous  oolite  is  derived 
front  the  ealcareou.s  by  the  re)iliicenient  of  lime  particle*  bj 
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Oolite  from  PenDSjlTaD[B,  maKQiSed 


The  following  ib  an  analysis  of  the  siliceous  oolite  : 
SOiceoiu  Oolite. 

Silica 9683 

Oxide  of  alanuDium )    .  .„ 

Oxideofiron f    ^^'^ 

Lime 1  '93 

Magnesia' trace 


Specific  gravity  . 


.SSfM^  grawdtfrom  Pvmuifivanta  Sim 
Sitieeoua  Oplite. 

Silica 99-99     Silica _ 2-54 

Iron    00*01     Iron  trace 

Calcinro  carbonate 97'4-t 

100-00  


These  interesting  specimens  of  siliceous  oolite  were  sent  us 
by  Mr.  George  R.  wieland  of  State  College,  Center  Co.,  Pa. 
Two  miles  west  of  this  place  there  are  three  or  four  square 
milee  of  light  sandy  soil,  mostly  uncleared,  hence  called  the 
"  Barrens,  where  this  oolite,  associated  with  flint,  occurs 
scattered  about  in  the  form  of  surface  bowlders  weighing  as 
much  as  400  pounds.  The  fact  that  these  masses  of  siliceoue 
oolite  are  stained  with  iron  oxide,  and  that  they  occur  in  an 
isolated  spot,  may  account  for  their  having  escaped  more  gen- 
eral notice  hitherto.  It  is  said  to  occur  also  about  fifteen  miles 
northwest  of  College  Centre. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physios. 

1.  On  a  nmo  Element  occurring  in  Tellurium^  Antimony  and 
Copper^  belonging  to  MendeleefTs  Eleventh  Series, — In  coDse- 
quence  of  a  coincidence  which  he  has  observed  between  certain 
of  the  lines  in  the  ultra-violet  spectra  of  tellariom,  antimony  and 
copper,  Grunwald  argues  the  existence  of  a  common  imparity  in 
these  three  elements  In  his  opinion,  the  substance  in  question 
was  originally  present  only  in  the  tellurium,  and  that  in  the  pro- 
cess of  reducing  the  other  elements  from  their  ores,  a  portion  of 
it  has  been  transferred  to  these  metals.  On  multiplicatioD  by 
\^  several  of  the  above  mentioned  coincident  lines  are  transformed 
into  lines  belonging  to  the  primary  element  "  ft"  in  the  spectrum 
of  water.  In  accordance  with  the  principle  laid  down  some  time 
ago  by  the  author,  this  fact  indicates  that  the  impurity  spoken  of 
consists,  to  a  large  extent  at  least,  of  an  element  occurring  in  the 
eleventh  horizontal  line  in  Mendeleeff*s  tables.  The  character  of 
the  spectrum  itself  shows  that  it  cannot  be  any  one  of  the  known 
elements  in  that  series.  Hence  Grilnwald  believes  it  to  be  an  un- 
known element  in  the  tellurium  group  with  an  approximate 
atomic  mass  of  212,  probably  identical  with  the  austrium  of  Bran- 
ner.  In  general  properties,  therefore,  it  is  an  element  closely  re- 
sembling tellurium  and  also  antimony  and  hence  will  be  difficult 
to  separate  from  these  metals.  On  the  assumption  that  copper  is 
an  alkali-metal  of  low  melting  point,  the  new  element  probably 
beliavcs  in  it  as  an  electronegative  constituent ;  and  hence  copper 
is  ordinarly  found  combined  with  this  difficultly-fusible  and  non- 
metallic  element. — J.  Chem.  Soc,  Iviii,  484,  May,  1890.     g.  f.  b. 

2.  0)1  the  Chlorides  of  the  Cojnponnd  Ammoniums, — Le  Bel 
has  observed  a  new  kind  of  physical  isomerism  occurring  in  the 
compound  ammoniums.  Assuming  that  the  atoms  or  radicals  in  a 
substituted  ammonia  are  capable  of  movement  about  the  central 
nitrogen  atom,  and  do  not  have  fixed  and  definite  relative  positions, 
the  existence  of  two  isomeric  derivatives  may  be  imagined  with- 
out introducing  the  hy[)othesis  that  they  have  been  formed  in 
different  ways,  such  as  by  the  union  of  RCl  with  NR',  or  of  R'Cl 
with  NKli'.^.  A  remarkable  group  of  cubic  salts,  formed  from 
chlorides  of  the  type  NliR'^Cl,  exists  among  the  platinochloride:^ 
of  llie  amines.  To  this  group  methyl-tripropyl-ammonium  platino- 
chloride  and  trinietliyl-propyl-amnionium  platinochloride  oelong, 
but  the  limit  is  passed  by  the  trimethyl-isobutyl  ammonium  salt. 
As  a  rule  if  a  platinochloride  does  not  differ  from  the  cubic  salts 
by  more  than  a  single  methyl-group,  its  crystalline  form  will  be 
so  nearly  a  cul)e  that  very  careful  goniometric  and  optical  exami- 
nation will  be  necessary  to  prove  that  it  is  not  cubic.  Trimethyl* 
isobiUyl-ammonium  platinochloride  was  first  obtained  in  highly 
bi-refractive  needles,  distinctly  not  cubic ;  but  on  recrystallizatioo 
octaliedra  were   obtained,  closely  resembling  regular  octahedra 
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Eind  permanent,  i.  e.,  not  convertible  into  the  prismatic  form. 
On  treating  them  with  'silver-oxide,  neatralizing  the  filtrate  with 
[lydrochlonc  acid  and  evaporation,  the  hydrochloride  was  ob- 
;ained  partly  in  needles  and  partly  in  octahedra.  Hence  there 
ire  two  hydrochlorides  of  this  compoand  ammoniam  as  there  are 
;wo  platinochlorides,  the  prismatic  form  of  the  hydrochloride 
t>eing  the  more  stable. —  (7.  J?.,  ex,  144,  1890;  J,  (Jhem,  SoCy 
viii,  475,  May,  1890.  g.  p.  b. 

3.  On  the  production  of  Ozone  and  the  formation  of  Nitrites 
\n  Combustion. — Ilosvay  has  confirmed  the  observation  of  Leeds 
;hat  DO  ozone  is  formed  by  the  action  of  concentrated  sulphuric 
icid  upon  potassium  permanganate,  the  supposed  reaction  of 
>zone  being  due  to  chlorine  contained  as  an  impurity  in  the  per- 
manganate, or  even  in  the  absence  of  chlorine,  to  the  direct 
letioD  of  the  promanganic  oxide  in  the  form  of  a  violet  vapor. 
With  four  or  five  grams  of  promanganate,  the  action  proceeded 
latisfactorily.  But  on  attempting  to  use  20  grams,  a  strong  de- 
tonation resulted,  due  no  donbt  to  the  decomposition  of  the  an- 
hydride by  the  heat  generated.  Oxygen  prepared  by  the  action 
af  concentrated  sulphuric  acid  on  potassium  dichromate  also  con- 
tains no  ozone. 

The  author  has  also  explained  the  products  of  the  combustion 
of  coal  gas  under  modified  conditions.  In  one  case  the  Bunsen 
flame  was  allowed  to  strike  down,  much  air  being  mixed  with  the 
zas;  in  a  second,  carbon  dioxide  was  admitted  to  the  Bunsen 
lame ;  and  in  a  third,  a  flame  of  air  was  obtained  in  the  gas. 
The  products  of  combustion  were  carried  through  a  dilute  solu- 
tion of  sodium  hydroxide  and  the  presence  of  nitrous  acid  was 
detected  in  four  or  five  minutes  in  the  first  and  second  cases,  and 
in  25  or  30  minutes  in  the  third.  Oxygen  and  nitrogen  dioxide 
ivere  then  mixed  with  the  air  burning  in  the  illuminating  gas. 
The  flame  was  more  brilliant  and  cyanogen  was  observed  among 
the  products  of  the  combustion.  Since  ammonia  had  also  been 
observed  among  the  products  of  the  combustion  of  air  in  coal 
^as,  the  author  regards  these  facts  as  proving  the  affinity  of 
nitrogen  at  high  temperatures  for  hydrogen  and  carbon  as  well  as 
>xygen. 

In  other  experiments  the  author  observed  the  production  of 
aitrites  but  not  of  ozone  when  air  is  passed  over  platinum  heated 
:o  200°  to  300**.  In  the  case  of  platinum  gauze  the  action  begins 
\%  280°  and  continues  up  to  350°  ;  but  the  property  is  lost  after 
ID  hour  and  a  half.  With  platinum  black  the  action  begins  at 
180°,  reaches  a  maximum  at  250°  and  diminishes  above  300°. 
After  repeating  the  experiment  three  or  four  times,  the  power  of 
eflecting  the  combination  is  lost.  With  platinum  sponge,  the  ac- 
tion begins  at  250°  and  is  strongest  at  300°  ;  at  350°  it  becomes 
feeble  and  in  three  or  four  hours  disappears  entirely.  Since  the 
activity  of  the  platinum  when  lost  is  not  regained  by  heating  in 
hydrogen,  the  author  concludes  that  the  loss  of  its  power  is  due 
to  a  change  in  its  molecular  structure,  and  not  to  a  condensation 
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of  uitro^en  and  oxygen  on  its  surface.  Moreover  he  has  ob- 
served that  nitrites  are  formed  where  air  is  passed  over  finely  di- 
vided iron  at  about  200^ ;  and  that  the  resulting  oxide  when 
washed,  yields  these  nitrites  in  appreciable  quantity. — BviL  Soe, 
Chem,  III,  ii,  734,  Dec,  1889.  g.  f.  r 

II.    Geology  and  Mineralogy. 

1 .  Clinton  Group  fossils  with  special  reference  to  Collections 
from  Indiana^  Tennessee  and  Georgia;  by  A.  F.  Foerste.— 
This  report  contains  descriptions  of  a  large  number  of  species, 
many  of  them  new,  from  localities  in  the  States  mentioned  in  the 
title,  and  comparisons  with  the  distribution  of  the  species  in  more 
eastern  localities,  with  special  reference  to  the  condition  at  the 
time  of  the  Cincinnati  anticlinal  axis.  We  have  in  it  the  fint 
paleontological  identification  of  the  Clinton  formation  in  Indiana 
on  the  west  side  of  this  axis. 

After  the  descriptions  the  author  makes  a  comparison  of  the 
Clinton  fossils  with  regard  to  their  distribution  and  states  the  fol- 
lowing facts  as  to  species  absent  from  the  anticlinal.  These  in- 
clude Leptocoelia  hemispherical  which  is  common  east  of  the 
anticlinal  from  Anticosti  to  Tennessee  and  Alabama;  S.  obsewa, 
from  New  York  and  Tennessee ;  Comulites  Clintonij  from  New 
York  to  Alabama ;  lUcenus  loxtis^  from  New  York  and  doubt- 
fully Alabama,  yet  known  from  the  Niagara  of  Indiana  and  Wis- 
consin ;  Cerauriis  insignis^  from  New  York,  and  the  Niagara  of 
Wisconnin  ;  Homalonotus  delphinocephalns^  from  New  York  and 
Pennsylvania,  and  the  Niagara  of  Indiana ;  Dalmanites  limuhirm^ 
from  New  York  and  Pennsylvania,  and  in  the  Niagara  of  Ohio; 
Calymene  rostrata,  from  New  York  and  Georgia,  and  the  Niag- 
ara of  Indiana  as  C,  nasuta ;  Airypa  reticularis,  from  Anticosti 
to  Alabama,  and  the  Niagara  of  Ohio,  Indiana,  Illinois  and  Wis- 
consin ;  and  so  with  several  other  species  not  found  on  the  anti- 
clinal.    In  the  remarks  on  these  facts  the  author  observes : 

"  Two  suggestions  may  be  offered  as  to  the  peculiar  distribution 
of  these  forms  in  the  Clinton.  The  first  is  that  the  fossils  in 
question  favored  certain  localities  in  the  sea  possibly  those  nearer 
the  shore,  and  that  these  shore  conditions  did  not  occur  at  the 
anticlinal  until  at  a  later  j)eriod.  The  extreme  variability  of 
shore  conditions,  however,  implied  by  the  character  of  the  rocks 
farther  eastward  and  the  probability  that  parts  of  the  anticlinal 
showed  more  shore  action  during  the  Clinton  than  did  at  least 
Anticosti,  leaves,  however,  scarcely  any  margin  for  such  a  suppo- 
sition. 

The  second  is  that  the  species  in  question  may  have  been  mi- 
grating toward  the  west  at  the  time  in  question  after  the  close 
of  the  break  of  the  paleontological  record,  between  the  Upper 
and  Lower  Silurian  periods,  and  that  they  did  not  reach  the  anti- 
clinal until  after  the  close  of  the  Clinton  period  of  that  region.  If 
this  could  be  established  by  further  observations  it  would  be  an 


Geology  a/nd  Mmeralogy.  263 

intereBtiDg  point  in  paleootological  research.  Bat  if  they  mi- 
nated,  where  did  the  formg  come  from  originally  ?  As  far  as  may 
be  determined  from  the  character  and  thickness  of  the  rock  de- 
[>06it8  DOW  remaining  from  that  time,  the  land  of  the  Clinton  sea 
^eems  to  have  been  nearest  soatheastern  Pennsylvania,  and  thence 
x>  have  carved  around  toward  the  Atlantic,  both  on  the  north 
ind  the  soath,  perhaps  more  rapidly  toward  the  north.  This 
[and,  judging  from  the  contributions  it  made  to  sedimentary 
arata,  from  the  Clinton  to  the  Upper  Carboniferous  periods  must 
bave  had  decidedly  continental  proportions.  To  our  knowledge 
the  sea  deposits  along  the  northwest  of  this  paleozoic  continent,  at 
present  represented  in  part  at  least  by  the  deposits  of  Anticosti, 
was  the  only  place  showing  comparatively  no  paleontological 
break  between  the  Lower  Silurian  and  the  Clinton  rocks  and  very 
likely  was  one  of  the  sources  from  which  certain  of  the  Clinton 
fossils  of  the  anticlinal  came.  The  distribution  of  such  forms  as 
Pieurotomaria  var.  occidenSy  Holopea  ohaoleta  var.  elevata  and 
Spirifera  rostellum  make  it  probable  that  sach  continuous  breed- 
iDg  places  for  species  existed  also  along  the  southwestern  side  of 
the  paleozoic  continent. 

No  doabt  intermediate  localities  occorred  of  which  we  have  no 
record  and  the  position  of  which  we  cannot  at  present  reconstract. 
The  very  great  range  of  many  of  the  Clinton  fossils,  from  Anti- 
costi and  New  York  to  Alabama,  while  at  a  short  distance  off  the 
line  towai*d  the  westward  they  are  absent  for  a  time,  or  even  per- 
manently, make  it  probable  that  the  species  migrated  north  and 
soath,  comparatively  fi*eely  in  the  shallower  waters  off  the  shore 
of  the  paleozoic  continent,  but  that  they  found  some  physical  ob- 
stacle m  reaching  the  anticlinal.  This  obstacle  was  not  land, 
since  the  well-bonngs  of  Ohio  show  that  the  Clinton  is  continuous 
between  these  two  regions.  Perhaps  it  was  deep  water  which 
made  the  chances  for  migration  over  the  short  distance  from  the 
anticlinal  to  the  Alleghany  axis  less  satisfactory  than  the  oppor- 
tunities for  migration,  for  hundreds  of  miles  along  the  western 
border  of  the  old  paleozoic  continent. 

That  the  anticlinal  during  the  Clinton  period  was  near  land  at 
least,  seems  probable  from  the  occurrence  of  conglomerate  in  the 
soathern  exposures  of  the  Clinton  in  Ohio.  But  what  formations 
were  then  exposed,  and  where,  seems  not  so  certain.  The  pebbles 
from  the  Clinton  of  Ohio  near  Belfast  in  Highland  county  do  not 
present  recognizable  remains  in  any  of  the  specimens  seen  by  us, 
nor  is  their  lithological  character  such  as  to  present  positive  evi- 
dence of  any  except  their  sedimentary  origin.  The  cement  bin<l- 
ing  the  pebbles  together  contains  very  fresh  specimens  of  Cyclo- 
nema  bClix  and  well-preserved  specimens  of  the  so-called  corals 
mentioned  by  the  Ohio  Geological  Survey,  but  which  are  chiefly 
species  of  branched  forms  of  Ptilodictym:  Ptilodictya  famelicus^ 
PtUodictya  rudis,  Stictopora  sitnilis,  Phcenopora  Jimbriata  and 
Phamopora  magna,  CyathophyUum  celator  var.  Daytonensis 
was  also  found.     Single  specimens  of  Orthia  hiforata^  with  two 
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plications  in  the  mesial  sinus.  Orthis  eUganttda  and  a  Jtyncho- 
nella  resembling  ItynchoneUa  acinus  var.  convexa  were  seen.  All 
of  the  forms  mentioned  are  common  anticlinal  Clinton  forms. 

The  finding  of  the  fossil  tree,  Glyptodendron^  in  the  marine 
Clinton  of  Ohio,  if  authentic,  would  be  only  suggestive  of  the 
proximity  of  land,  and  the  fact  of  its  isolated  occurrence  would 
make  a  considerable  distance  from  this  land  more  than  probable. 
Yet  even  if  the  existence  of  shallow  water  at  the  anticlinal  be 
conceded,  the  existence  of  deep  watera  off  the  shore,  between  the 
anticlinal  and  the  paleozoic  continent  on  the  east,  can  scarcely  be 
proved  at  present.  Yet  for  the  present* we  suggest  this  view  as  a 
theory,  perhaps  to  be  compelled  to  withdraw  it  even  ourselves 
should  the  proof  to  the  contrary  arise. 

2.  Presidential  Address  before  the  Geological  Society  of  Londony 
Feb.,  1890. — Dr.  Blanfoed  discusses  in  his  address  the  subject  of 
the  phenomena  of  ocean-basins.  The  arguments  considered  are 
(1)  the  supposed  higher  specific  gravity  of  the  earth's  croBt 
beneath  the  ocean,  as  inferred  from  pendulum  observations,  and 
the  further  inference  that  these  areas  of  greater  density  have 
been  the  same  since  the  original  consolidation  of  the  earth ;  (2) 
the  absence  with  few  exceptions  of  stratified  rocks  from  the  lands 
over  the  oceans,  and  the  fact  that  nearly  all  these  lands  are  vol- 
canic ;  (3)  the  absence  of  deep-sea  deposits  in  the  rocks  of  conti- 
nental areas;  (4)  the  agreement  between  the  distribution  of 
plant  and  animal-life  and  the  present  arrangement  of  land-area& 
Dr.  Blanford's  work  in  India,  as  Director  of  the  Geological  Sa^ 
vey,  lias  supplied  him  with  facts  that  give  great  interest  to  the 
discussion  of  the  fourth  of  the  above  arguments,  and  the  interest 
is  enhanced  by  the  contrast  in  cotemporaneous  life  betweeu 
Europe  and  America  on  the  one  hand  and  India,  Australia  and 
South  Africa  on  the  other.  We  cite  a  paragraph  bearing  on  this 
part  of  the  subject : 

"  If,  however,  any  geological  evidence  can  be  produced  in  favor 
of  the  view  that  the  Indian  Ocean,  between  India  and  South 
Africa,  was  bridged  by  land  before  either  country  was  inhabited 
by  placental,  or  perhaps  by  any,  mammalia,  it  is,  I  think,  clear 
that  all  the  peculiar  relationships  of  the  Mascarene  Islands  would 
be  satisfactorily  explained.  I  think  that  the  requisite  geological 
evidence  does  exist.  In  the  first  place,  attention  must  be  called 
to  the  remarkable  flora  that  extended  from  Australia  to  India 
and  South  Africa  in  Upper  Palaeozoic  times.  No  doubt  until 
very  recently  the  principal  European  palaeontologists  refused  to 
admit  that  this  flora  was  Palaeozoic,  and  even  now  the  statement 
18  occasionally  made  that  the  Carboniferous*  flora  of  northern 
lands  had  a  world-wide  range.  But  the  mass  of  evidence  now 
available  to  show  that  the  Newcastle  flora  of  Australia  aud  the 
Daniuda  Talchir  flora  of  India  are  really  Upper  Palaeozoic,  despite 
the  absence  of  European  Paheozoic  plants  and  the  presence  oi 
what  are,  in  Europe,  Mesozoic  types,  is  so  clear  that  I  feel  sore 

*  Dr.  Blunford  adds,  in  a  note,  that  in  the  following  remarks,  Carboniferous 
must  be  understood  to  include  Permian. 
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any  geologist  who  will  examine  the  question  will  be  convinced  of 
its  truth.  In  Australia  the  facts  have  long  been  perfectly  well 
Imown,  but  in  India  they  have  only  recently  been  fully  cleared 
up,  chiefly  by  the  progress  of  discovery  in  the  Salt  Range  of  the 
PoDJab.  In  South  Africa  the  evidence  is  less  perfect,  though  some 
important  additions  to  our  knowledge  have  resulted  from  Dr.  Feist- 
manters  examination  of  the  fossil  plants,  the  account  of  which 
be  has  been  so  good  as  to  send  to  me.  In  this  account,  which 
reached  me  only  two  days  since,  the  representation  of  the  peculiar 
Damuda  flora  of  India  in  South  Africa  is  shown  to  be  beyond 
question,  and  much  more'  complete  than  has  hitherto  been  sup- 
posed. 

"  Now  this  flora  is  so  strongly  contrasted  with  the  Carboniferous 
flora  of  Europe  that  it  is  dimcult  to  conceive  that  the  countries 
in  which  the  two  grew  can  have  been  in  connection,  and  the 
hypothesis  of  Gondw&narland,  as  it  is  termed  by  SueBs,""  a  great 
continent  including  Australia,  India  and  South  Africa,  seems 
more  in  accordance  with  facts  than  Mr.  Wallace's  view  that 
'  fragmentary  evidence  derived  from  such  remote  periods '  is 
*  utterly  inconclusive.'!  For  if  each  flora  could  be  transported 
across  the  sea,  why  are  no  European  Carboniferous  plants  found 
in  the  contemporaneous  deposits  of  Gondw&na-land  and  vice  versa. 
Carboniferous  plants  of  the  European  type  are  not  contined  to 
the  northern  hemisphere  even,  for  they  are  found  on  the  Zambesi 
in  Africa  and  in  Brazil.  The  accounts  of  their  occurrence  in 
Africa  south  of  the  Zambesi  are  as  yet  too  indefinite  for  any  clear 
idea  of  their  relations  to  be  formed,  and  it  remains  to  be  seen 
whether  the  Lepidodendron  said  to  be  found  in  Natal  and  the 
Transvaal  is  not  Lower  Carboniferous  or  Devonian,  as  in  ^ 
Australia." 

Dr.  Blanford  does  not  mention  the  argument  the  writer  has 
relied  upon  for  evidence  that  continents  were  always  continents 
and  which  he  has  presented  in  publications,  including  his  Geology, 
for  the  past  thirty-five  years:  That  American  geological  history, 
that  is,  the  progress  in  rock-formations  and  in  mountain  elevations 
through  the  successive  periods,  proves  that  there  was  through  all 
a  continued  succession  of  continental  conditions  and  changes,  and 
thereby  a  uniform  course  of  continental  development,      j.  d.  d. 

3.  Paleozoic  Fiahea  of  North  America,  by  J.  S.  Nbwberry. 
228  pp.  4to,  with  63  plates.  U.  S.  Geol.  Survey,  Washington, 
1889. — Prof.  Newberry's  new  volume,  besides  reviewing  to  some 
extent  the  discoveries  in  the  Paleozoic  fishes  of  North  America, 
hitherto  reported  by  himself  and  others,  gives  full  descriptions  of 
many  new  specimens  and  species,  and  the  author's  final  opinions 
on  several  debatable  questions.  The  Pterasnids,  Palwaapis  Amer- 
icana and  P,  bitruncata,  discovered  by  Prof.  Claypole  in  the 
upper  member  of  the  Onandaga  Salt  Group  of  Pennsylvania,  are 
the  only  species  of  the  Upper  Silurian  recognized  as  established. 
The  earliest  Devonian  species  are  from  the  Oriskany  sandstone  of 

*  Das  Antlitz  der  Erde,  Bd.  i,  p.  768.  f  Island  Life,  p.  398,  note. 
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Canada,  north  of  Lake  Erie,  namely,  spines  of  MachnracaDthns 
and  tuberciilate  plates  probably  of  Macropetalichthys.  With 
the  Corniferous  limestone,  fishes  begin  to  be  well  represented,  20 
species  having  been  thus  far  made  oat  from  the  remains  found  in 
it;  and  they  include  one,  probably,  three  Cephalaspids,  a  Cocco«> 
teus,  and  the  earliest  species  of  the  remarkable  genus  Dioichthji 
of  Newberry. 

Speaking  of  the  fishes  of  the  following  Devonian  strata  to  the 
top  of  the  Portage,  the  author  states  that  recent  discoveries  have 
made  known  a  closer  relationship  between  Europe  and  AmericA 
in  the  early  Vertebrate  fauna  tnan  had  been  supposed  to  exist, 
Canada  having  afforded  species  of  Pterichthys,  Cbeiroleps,  Phao- 
eropleuron  and  Glyptolepis,  and  Germany,  species  of  Dinichthys, 
Aspidichthvs,  Macropetalichthys  and  MachsBracantbus.  On  the 
question  of  the  relations  of  Ptericfathys  and  Bothryolepis,  he 
alludes  to  Prof.  Copers  reference  of  Pterichthys  to  the  Tunicates, 
and  adds  that  '^  with  abundant  proofs  of  the  relationship  of  Pte^ 
ichthys  to  Bothriolepis,  Aspidichthys,  Holonema  and  the  other 
Pterichthidae,  it  is  evident  that  they  must  be  grouped  together; 
the  ichthyic  character  of  Pterichthys  is  settled  by  the  preserva- 
tion in  many  instances  of  a  tail  covered  with  scales  connected 
with  the  carapace." 

From  the  ^'  Cleveland  Shale,"  which  is  made  Carboniferous,  and 
the  lower  member  of  the  Waverly,  28  species  of  fishes  are  enumer- 
ated (including  2  of  Titanichthys  and  6  of  Dinichthys) ;  from  the 
Carboniferous  limestone,  347;  and  from  the  Carboniferous  of 
Linton,  Ohio,  27  species. 

The  plates  illustrating  this  very  valuable  report  bring  out  well 
^  the  marvelous  character  of  the  early  vertebrate  fauna  of  America. 

4.  Chert-beds  of  the  Loicer  Silurian  of  Organic  Origin, — Dr. 
HiNDE  has  examined  the  chert  of  beds  in  Lanarkshire  and  Pee- 
bloshire,  Scotland,  ol  the  age  of  the  Llandeilo-Caradoc  series  of 
Wales,  and  found  it  to  consist,  in  the  specimens  examined,  of 
Radiolarian  shells,  sponge-spicules  being  rare.  The  minute 
spherical  bodies  which  make  up  the  specimen  were  seen  in  some 
cases  to  consist  of  simple  or  concentric  lattice-like  shells,  some 
with  relatively  long  radial  spines,  precisely  similar  in  character  to 
the  shells  of  recent  and  fossil  Radiolaria.  Dr.  Hinde  refers  the 
species  mostly  to  described  genera.  A  number  of  them  are  fig- 
ured on  a  plate  in  the  Annals  and  Magazine  of  Natural  History 
for  July.  The  chert  of  the  Carboniferous  formation,  which  Dr. 
Hinde  has  extensively  examined,  only  in  one  case  afforded  him 
Radiolarians.  The  Upper  Silurian  rocks  of  Langenstriegis,  iu 
Saxony,  has  afforded  I)r.  Rothpletz  a  single  species  of  Radio- 
larijin. 

5.  JBossila  in  the  Taconic  limestone  belt  at  the  west  foot  of  the 
Taco7iic  R(ui(/e  in  Hillsdale,  xV.  Y, — The  town  of  Hillsdale  is  in 
the  latitude  of  Great  Barrington,  and  the  limestones  of  the  two 
regions  are  on  opposite  sides  of  the  Taconic  Range  synclioaL 
Prof.  Wm.  B.  Dwight  has  recently  examined  a  specimen  of  the 
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amorphic  limestone  of  Hillsdale,  from  among  my  collections 
be  region,  and  finds,  on  slicing  it,  besides  indistinct  impres- 
8  of  shells,  a  small  Gasteropod,  probably  a  Maclurea  related 
if.  crentUata^  thoagh  in  some  respects  different  from  that 
aes.  It  appears  to  indicate  that  the  beds  are  Calciferous. 
I  Millerton  fossils,  already  described  by  Prof.  D wight,  are  in 
same  limestone  belt,  but  nearly  twenty  miles  farther  south, 
sdale  being  situated  over  the  northern  end  of  the  belt. 

J.  D.  D. 

Revision  of  the  Genus  Araucarioxylon  of  Kratis^  with 
piled  descriptions  and  partial  synonymy  of  the  species ;  by 
H.  Knowlton.  Proc.  U.  S.  Nat.  Mus.,  vol.  xii,  1889,  pp. 
-617.  Also  separate,  No.  784,  Washington,  1890. — Professor 
>wlton  has  done  a  useful  service  in  clearing  up  this  knotty 
iect,  which  is  much  broader  than  the  title  indicates,  since  it 
odes  the  eleven  species  of  Cordaites  founded  on  internal  struc- 
i,  and  twenty-six  species  of  Dadoxylon,  all  of  which  are  Paleo- 
I,  but  are  shown  to  possess  the  araucarian  type  of  structure 

therefore  to  have  probably  been  the  direct  ancestors  of  the 
teen  species  of  Araucarioxylon  from  the  Mesozoic  and  Ceno- 
.  The  one  Tertiary  species  of  this  last  genus  (A,  Dceringii 
iw^tz)  is  of  special  interest  as  coming  from  South  America 
ire  the  genus  Araucaria  is  native,  thus  seeming  to  complete 
connection  of  a  type  of  plants  that  began  in  the  Silurian  and 

persists.  Of  Araucarioxylon  Vtrginianum  (p.  615)  it  should 
laid  that  the  apparent  anomaly  of  finding  a  species  of  that 
as  in  the  Potomac  formation,  characterized  by  the  sequoian 
3  CupreHsinoxylon,  has  recently  been  cleared  up  by  the  dis- 
3ry  that  the  fossil  wood  found  at  Taylorsville,  Virginia,  occurs 

modern  deposit  (probably  the  Appomattox  formation)  imme- 
ely  overlying  the  Older  Mesozoic  or  Triassic  (Rhetic  or  Keu- 

from  which  its  materials  are  taken,  and  to  which  the  fossil 
d  rightly  belongs.  l.  f.  w. 

Ueber  dei  Reste  eines  RrotfruchtbaurnSy  Artocarpus  Dick- 
\  n.  sp,^  aus  den  Cenomanen  Kreideablagerungen  Grdnlands; 

A.  G.  Nathorst.  Kongl.  Svenska  Velenskaps-Akademiens 
idlingar,  Bd.  xxiv,  pp.  1-10,  4°,  pi.  i.  Separate,  Stockholm, 
X — ^The  large-lobed  leaf  figured  here  is  believed  by  the  author 
epresent  an  Artocarpus  of  the  type  of  the  bread-fruit  tree,  A 
sa^  but  the  details  of  nervation  are  wanting.  The  fruits  asso- 
ed  with  it,  as  well  as  that  from  Oeningen  which  Heer  called 
Oeningensis,  and  of  which  Nathorst  here  gives  a  new  figure, 
ear  without  doubt  to  belong  to  the  ^g  family,  and  if  they  are 
small  bread-fruits  they  are  probably  true  figs.  There  is  no 
lent  objection  to  regarding  this  leaf  as  that  of  Ficus.  Nathorst 
ivs  that  it  resembles  several  that  have  been  found  in  American 
osits  and  referred  to  Aralia,  Myrica,  etc.,  and  Lesquereux  in  a 
k  not  yet  published,  figured  similar  ones  from  the  Dakota 
ap  under  the  names  Liriodendron,  Sterculia,  etc.         l.  f.  w. 

TertiUre  Pflatizeii  der  Insel  Neusihirieti ;  von  J.  Schmal- 
SEN.     Mem.  Acad.  Imp.  Sci.  de  St.  Petersburg,  7®  serie,  tome 
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XXX vii,  No.  6,  1890,  pp.  22,  pi.  2,  4to. — This  paper  forms  the 
second  part  of  the  series  devoted  to  the  scieDtific  results  of  tbe 
expedition  sent  out  in  1885  and  1886  by  the  Imperial  Academy 
to  explore  Janaland  and  the  New  Siberian  Islands,  and  contains 
an  introduction  by  Baron  E.  von  Toll,  who  collected  the  fossil 
plants  on  the  Island  of  New  Siberia  which  are  here  described  by 
bchraalhausen.  They  consist  largely  of  well  known  Arctic  Ter- 
tiary forms,  but  contain  several  new  species,  including  two  of 
fossil  coniferous  wood.  There  is  no  indication  that  this  flora  rep- 
resents an  age  greatly  different  from  that  of  the  Tertiary  plant- 
beds  of  the  mainland  of  Siberia  (Tschirimyi  on  tbe  Lena,  Simon- 
owa,  Atschinsk,  Bureja,  etc.)  or  of  the  Island  of  Sachalin. 

L.  F.  w. 

9.  La  Flora  del  Tufi  del  Monte  Somma ;  by  Luigi  Meschi- 
NBLLT.  Rend.  R.  Accad.  Sci.  Fis.  e  Mat.  of  Naples,  April,  1890, 
4to.  Separate,  pp.  8. — Dr.  Meschinelli  enumerates  some  twenty 
species  of  leaf-prints  preserved  in  the  Geological  Museum  of  the 
university  of  Naples  that  have  been  collected  in  the  tufas  of 
Monte  Somma  on  the  north  flank  of  Mount  Vesuvius.  Most  of 
them  he  is  able  to  identify  with  living  species  still  found  in  Italy. 
They  are  supposed  to  have  been  buried  by  the  lavas  prior  to  the 
historic  period.  l.  f.  w. 

10.  Remarks  on  some  Fossil  Remains  considered  as  peculiar 
kifids  of  Marine  Plants;  by  Leo  Lesquebeux.  Proc  Nat 
Mus.,  vol.  xiii,  1890,  No.  V92,  pp.  6-12,  pi.  i. — This  paper  was 
Professor  Lesquereux's  last  contribution  to  paleobotany,  and  de- 
scribes certain  very  peculiar  organisms  collected  by  tbe  Rev.  H. 
Herzer  in  the  Upper  Helderberg  limestone  at  Sandusky  and  in 
the  Portage  group  on  Lake  Erie  near  Cleveland,  Ohio.  He  gave 
to  these  objects  the  names  Halymenites  Herzeri^  Cylindrites  stri- 
atusy  and  Physophyctis  bilobatuSy  all  of  which  are  figured.  They 
will  form  new  material  for  discussion  by  those  who  are  interested 
in  the  problematical  organisms  of  the  ancient  seas.  l.  f.  w. 

1 1 .  Brief  notices  of  some  recently  described  minerals, — Akomite. 
In  a  paper  upon  some  of  the  minerals  of  Atacama,  Dr.  Darapsky 
gives  the  name  aroinite  to  a  magnesia-alum  having  the  composi- 
tion 6MgS0^.Al,(S0J,.  5411,0.  It  occurs  with  other  sulphates 
at  Copiapo,  and  forms  fibrous  masses  of  a  yellowish  color ;  also 
obtained  from  the  Pampa  de  Aroma  in  the  northern  part  of 
Tarapaca.  The  name  Ruhrite  is  also  uSed  for  a  mineral  bavins: 
the  composition  Fe,(), .  280, .  3H,0,  and  occurring  near  the  Rio 
Loa  in  indistinct  crystals  of  a  deep  red  color. — Jahrb.  Min,^  i,  49, 
1890. 

Tamarugite. — Another  article  upon  the  Tarapaca  sulphates  by 
Dr.  Schulze  gives  a  general  account  of  the  method  of  occurrence 
and  association  and  a  detailed  description  of  a  number  of  species. 
One  of  these  is  tamariigite  ;  this  occurs  in  massive  forms,  color- 
less, and  witli  a  radiated  structure ;  hardness  =  2 ;  specific  grav- 
ity =  2*03.  Its  composition  is  expressed  by  the  formula  Na,8^«' 
Al,(SOJ,4-r2H,0,  differing  from  ordinary  soda-alum  in  the  small 
amount  of  water. —  VerK  dexitsch,  Ver.,  Santiago^  vol.  ii,  1889. 
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)uKTBNiTB,  GoBDAiTB. — In  a  paper  upon  the  various  ferric 
phates  from  Chili,  to  which  attention  has  been  directed  re- 
ktedly  of  late,  Frenzcl,  besides  notes  on  other  species,  describes 
3  new  ones.  Quetenite  occurs  at  the  Salvador  mine  in  Quctena, 
3t  of  Calama.  It  is  massive,  of  a  reddish-brown  color,  hard- 
«  =3,  specific  gravity  =2-08-2'14.     An  analysis  gave: 

80,37-37  FeaO,  22-70  MgO  6-92  HjO  3401  =  100 

r  this  the  formula  MgSO,,  Fe^S^O.  + 1 3H,0  is  calculated. 
^daite  occurs  with  sideronatritc  and  is  related  to  it  in  compo- 
on.  It  is  found  in  indistinct  crystals,  perhaps  triclinic,  and  in 
all  foliated  masses  with  fibrous  structure.  It  is  colorless  to 
ite  or  light  gray,  luster  vitreous,  hardness  =2 '5  to  3. 
Specific  gravity  =2*61.     An  analysis  gave: 

SO,  50-85  Fe,0,  19-42  Na,0  22  36  H,0  7-33=99-96 

e  formula  is  3Na,S0^,  Fe,S,0,  +  3H,0,  which  brings  it  near  the 
ronatrite  of  Mackintosh. — Min.  Petr,  Mitth.^  xi,  214-223. 
[iUBSATiTB. — A  crystalline  form  of  silica  described  by  Mallard 
forming  an  envelope  over  colorless  quartz  crystals  in  the  bitu- 
n  deposit  at  Lussat  near  Pont-du-Chdteau.  It  has  a  fibrous  or 
rouB-lamellar  structure,  the  fibers  being  perpendicular  to  the 
•face  of  the  crystal.  They  are  doubly-refracting  in  the  direc- 
n  of  their  length  and  have  the  opposite  optical  character  (-|-)  to 
etlcedony.  The  specific  gravity  is  2*04  and  the  mean  index  of 
faction  for  D  1*446,  in  both  points  approximating  to  the  char- 
ter of  opal.  Chemically,  it  consists  of  pure  silica  for  the  most 
rt,  but  in  part  mixed  also  with  amorphous  silica  or  common 
al.  Its  occurrence  at  a  number  of  localities,  associated  with 
al  is  noted.— C.  i?.,  vol.  ex,  246,  Feb.  3,  1890. 

12.  On  the  supposed  occurrence  of  Phenacite  in  Maine — a  eor- 
4ian  ;  by  W.  S.  Ybatbs  (communicated). — In  the  April  number 
this  Journal,  I  announced  that  I  had  identified  phenacite  from 
)bron,  Maine ;  and  that,  among  other  planes,  I  had  observed 
3  basal  plane,  0,  This  announcement  was  based  upon  a  pre- 
linary  examination,  the  angle  between  the  adjoining  planes  of 
)yramid,  156^  46'^,  being  practically  the  same  as  that  between 
I  and  |-2  of  phenacite,  viz  :  156°  44'.  The  apparent  infusi- 
ity  of  the  mineral,  when  first  examined,  coupled  with  the  strik- 
f  resemblance  of  the  crystal  to  phenacite  in  habit,  served  further 
mislead.  A  more  cafeful  examination,  recently  made  by  me, 
iclosed  the  fact  that  the  mineral  was  not  phenacite ;  and  a 
antitative  analysis,  by  Mr.  L.  G.  Eakins  of  the  U.  S.  Geological 
rvey,  has  proved  it  to  be  apatite.  The  plane,  which  was  at 
jt  taken  for  f-2  of  phenacite,  is  the  pyramid  \,  The  unusual 
t  habit  of  these  apatite  crystals  is  well  worthy  of  note. 

J.  S.  National  Museum,  Aug.  7th,  1890. 

13.  Tableaux  des  Mineraux  des  Roches,  resume  de  leurs  pro- 
litis  optiques,  cristallographiques  et  chimiques  par  A.  Michkl- 
rvT  et  A.  Laoboix.  Paris,  1880.  (Baudry  et  Cie.) — These 
>le8  form  a  useful  supplement  to  the  well  known  work  of  the 
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same  authors  recently  pablished  (this  Jonmal,  xxxvii,  414),  giv- 
\ng  the  data  therein  contained  in  convenient  tabular  form.  The 
active  investigations  of  the  authors  have  served  to  fill  out  and 
complete  to  a  remarkable  extent  our  knowledge  of  the  optical 
constants  of  many  important  species. 

14.  Index  der  Krystallformen  der  MinercUien^  von  Dr.  Victor 
GoLDSCHMiDT,  vol.  ii,  pp.  335-546,  Berlin,  1890  (Julius  Springer). 
— The  Nos.  6  and  7  now  published,  of  Goldschmidt's  great  work, 
include  the  species  from  Magnesite  to  Pyroxene,  completing  the 
second  volume.  The  completion  of  the  third  volume  and  thos 
of  the  entire  work  is  promised  before  the  close  of  1890. 

15.  Report  of  the  Royal  Commission  on  the  mineral  resources 
of  Ontario^  and  measures  for  their  development.  566  pp.  8vo. 
Toronto,  1890  (Warwick  &  Sons). — This  volume  contains  the 
report  of  the  Commissionera  appointed  to  enquire  into  and  report 
upon  the  mineral  resources  of  the  Province  of  Ontario  and  upoo 
measures  for  their  development.  The  Commissioners  are  J. 
Charlton,  ChairmaUy  Robert  Bell,  Wm.  Coe,  Wm.  H.  Merrill, 
Archibald  Blue,  Secretary,  Tlie  report  gives  a  sketch  of  the 
geology  of  the  Province  with  special  reference  to  economic  mio- 
erals,  with  notes  on  mines,  locations  and  works  visited;  also  a 
statement  of  the  influence  of  commercial  conditions  u])on  mining 
industry,  mining  laws  and  regulations,  on  the  smelting  of  ores  in 
Ontario,  etc. 

III.   Miscellaneous  Scientific  Intelligknck. 

1.  Report  of  the  U,  S,  Coast  and  Geodetic  Survey  for  1887. 
514  pp.  8vo,  with  42  maps  and  sections. — This  Report  contains 
among  its  appendices,  the  following  reports :  H.  Mitchell,  on  the 
movements  of  the  sands  at  the  eastern  entrance  of  Vineyard 
Sound ;  C.  A.  Schott,  Fluctuations  in  the  level  of  Lake  Cham- 
plain;  Lieut.  J.  E.  PiLLSBURY,  Gulf  Stream  Currents  along  the 
Florida  Straits;  C.  A.  Souott,  Magnetic  work  of  the  Greeley 
Arctic  Expedition  ;  H.  Mitchell,  on  the  results  of  the  Physical 
Survey  of  New  York  Harbor ;  also  a  General  Index  to  the  pro- 
gress sketches,  illustrations,  maps  and  charts,  in  the  Annual  Ke- 
ports  of  the  Survey  from  1844  to  1885,  and  a  Bibliography  of 
Geodesy.     The  followins:  facts  are  here  cited  ; 

Lake  Chainplain. — The  greatest  depth  of  Lake  Champlain 
is  402  feet,  **and  consequently  parts  of  the  bottom  of  this  lake 
descend  300  feet  below  the  level  of  the  Atlantic  Ocean."  The 
lake  is  highest  in  May  when  it  is  2-18  feet  above  the  mean,  and 
lowest  in  September  when  it  is  0*96  feet  below  it;  it  is  above  the 
mean  also  in  the  months  of  March,  April  and  June. 

Hit  Guff  IStrtain. — On  a  transverse  section  of  the  Stream 
between  (.'uba  and  Yucatan  ('' section  DD")  where  the  depth  of 
water  at  middle  is  over  1100  fathoms,  the  line  of  maximum  veloc- 
ity is  sitnated  about  5  miles  east  of  the  100-fathom  curve  on  the 
Yucatan  Bank,  and  the  zero  velocity  is  at  or  near  the  bottom; 
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the  zero  to  the  eastward  is  at  approximately  the  same  depth, 

fathoms. 

1  the  transverse  section  hetween  Havana  (Caha)  and  the  Re- 

\  Shoal,  of  the  Florida  reef,  just  east  of  the  Tortugas  (section 

the  curve  of  zero-velocity  two-thirds  of  the  way  across  to 

i,  at  station  4,  has  a  depth  of  more  than  750  fathoms;  at 

3n8  2  and  3  (on  the  Florida  side  of  station  4),  200  and  380 

ly,  and  at  6,  on  the  Cuba  side,  only  220. 

le  report  states  that  the  approximate  volume  of  water  flowing 

igh  the  section  DD  is  110  billion  tons  per  hour;  through  the 

on  CC  103  billion  tons,  and  the  section  A,  which  is  that  be- 

n  the  Fowey  Rocks,  Florida,  and  the  Bahamas,  95  billion 

It  is  added,  **  The  evaporation   from  the  Gulf  of  Mexico 

the  eddy  current  would  account  for  the  excess  at  section  DD. 

ection  CC,  in  the  calculation,  the  directions  have  been  taken 

>wing  east,  and  this,  of  course,  gives  too  great  an  amount ; 

excess  would  probably  be  accounted  for  by  this  difference 

the  eddy,  leaving  the  volume  actually  flowing  east  equal  to 

found  at  section  A." 

ctions  A  and  DD  are  alike  in  their  northward  flow,  in  the 

ral  contour  of  the  bottom,  in  the  depth  at  which  the  current 

ies  a  zero  velocity  where  it  is  not  influenced  by  shoals  (it 

y  300  to  350  fathoms  in  each),  and  in  having  the  axis  of 

3ity  situated  on  the  slope  of  the  bank  on  the  west  side  of  the 

iiD.     The  maximum  velocity  in  section  A  is  5*25  knots  per 

,  in  section  DD,  6*25  knots;  the  first  was  the  monthly  maxi- 

I  without  the  effect  of  inertia,  the  last  the  monthly  maximum 

bined  with  the  inertia  of  the  stream.     The  idea  of  Lieut. 

ry  that  the  middle  of  the  stream  is  somewhat  elevated  re- 

?8  support,  if  by  middle  the  axis  is  understood,  from  the  fact 

current  bottles  thrown  overboard  west  of  the  axis  invariably 

g  up  on  the  Florida  Coast,  and  those  east  of  it  are  never 

d  from,  they  going  into  the  broad  Atlantic. 

he  American  Magnetic  Pole, — The  Report  of   Mr.   Schott 

le  Magnetic  Work  of  the  Greeley  Expedition  closes  with  the 

•wing  words :  "  In  close  connection  with  the  scheme  of  physi- 

esearches  undertaken  by  the  International  Arctic  Committee, 

desirability  of  a  new  determination  of  the  American  pole  of 

does  not  appear  to  have  been  urged.     *     *     •    From  the 

of  Hansteen,  early  in  this  century,  to  the  present  time,  efforts 

I  been  made  to  trace  out  the  supposed  motion  of  the  intersec- 

of  the  so-called  magnetic  axis  with  the  surface.     While  some 

licists  hold  it  to  be  fixed  in  position,  others  believe  it  to  have 

'W  secular  motion  of  limited  extent,  and  still  others  would 

to  it  a  rapid  motion  with  a  path  which  would  carry  it  clear 

d  the  geographical   pole.     The   time   has   certainly   arrived 

a  in  this  matter  facts  should  take  the  place  of  speculation. 

writer  has  the  assurance  of  the  willingness  of  three  distin- 

iied  American  Arctic  explorers  to  undertake  this  task;  the 

thing  lacking  is  the  necessary  funds  to  sustain  the  explorer, 

.  JouB.  Sci.— Thikd  Series,  Vol.  XL,  No.  237.--Sept.,  1890. 
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say  for  two  years.     Here  surely  is  a  fine  field  open  in  which  to 
gain  well-merited  distinction." 

2.  Aid  to  Astronomical  Research, — Miss  C.  W.  Bbuce  his 
offered  the  sum  of  six  thousand  dollars  ($6,000)  during  the  pres- 
ent year  in  aid  of  astronomical  research.  No  restriction  will  be 
made  likely  to  limit  the  usefulness  of  this  gift.  In  the  hop  of 
making  it  of  the  greatest  benefit  to  science,  the  entire  sum  will  be 
divided,  and  in  general  the  amount  devoted  to  a  single  object  will 
not  exceed  five  hundred  dollars  ($500).  Precedence  will  be  given 
to  inHtitutions  and  individuals  whose  work  is  already  known 
through  their  publications,  also  to  those  cases  which  cannot  other- 
wise be  provided  for  or  where  additional  sums  can  be  procured  if 
a  part  of  the  cost  is  furnished.  Applications  are  invited  from 
astronomers  of  all  countries,  and  should  be  made  to  the  under- 
signed before  October  1,  1890,  giving  complete  information  re- 
garding the  desired  objects.  Applications  not  acted  on  favor- 
ably will  be  regarded  as  confidential.  The  unrestricted  character 
of  this  gift  should  insure  many  impoitant  results  to  science,  if 
judiciously  expended.  In  that  case  it  is  hoped  that  others  will 
be  encouraged  to  follow  this  example,  and  that  eventually  it  may 
lead  to  securing  the  needed  means  for  any  astronomer  who  could 
so  use  it  as  to  make  a  real  advance  in  astronomical  science.  Auy 
suggestions  regarding  the  best  way  of  fulfilling  the  objects  of  this 
circular  will  be  gratefully  received. 

Harvard  Collejrc^  Observatory,  Edward  C.   PiCKERIXG. 

Cambrid^re,  MasHi.,  U.  S.  A.,  July  15,  1890. 

3.  C(»ti<trnctio)i  of  buildings  in  Earthquake  countries. — Vol- 
ume xiv  of  tho  Transactions  of  the  Seismological  Society  of  Japan 
(IS80)  consists  of  a  discussion  by  Johx  Milnk  of  the  subject  of 
suitable  buildings  for  earthquake  countries.  It  describes  disasters 
and  the  best  ways  of  avoiding  them  in  constructions,  and  illus- 
trates the  subject  with  plans  and  views. 

4.  A  Handbook  of  Engine  and  Boiler  Trials  and  the  Indi- 
cator  and  Prong  Brake,  For  engineers  and  technical  schools; 
by  11.  II.  Thukston.  514  pp.  Svo.  New  York,  1890  (John 
Wiley  &:  Sons). — The  author  has  given  us  here  a  standard  work 
of  reference  in  :i  department  of  great  practical  importance  in 
civil  engineering,  and  has  thus  filled  a  place  not  occupied  before. 
The  instructions  ^iven  for  the  application  of  the  trials  are  practi- 
cal and  clearly  stated,  and  the  methods  to  be  used  are  described 
with  precision  and  conciseness,  and  the  engineer  will  find  this 
fresh  and  accurate  handbook  of  great  value  to  him. 

5.  The  JScf'rncfi  of  Metrologg ;  or  Natural  Weights  and  Meas- 
ures. A  challenge  to  the  Metric  System ;  by  the  Hon.  E.  Noel. 
8:i  pp.  London,  18S9  (Edward  Stanford). — In  this  little  book 
the  author  has  attempted  to  show  that  "by  a  little  amending  the 
existing  English  measures  can  be  evolved  into  a  system  scicutif- 
ically  as  well  as  practically  superior  to  the  Metric." 

Gewiramolto  nmtlicmatischo  Abhandlungen  von  H.  A.  Schwarz.  Vol  i,  33? 
pp.,  with  4  plutea  ;  vol.  ii,  370  pp.     Large  8vo.     Berlin,  1890  (Julius  Springorl 
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Akt.  XXXV. — A  description  of  the  '^ Bemardston  Seriea^^ 
of  Metamorphic  Upper  Devonian  Rocks;  by  Ben  K. 
Emerson* 

1.  Description  of  the  Region, — The  terrace  sands  of  the 
Connecticut  river  are  narrow  upon  its  western  side  where  the 
river  crosses  the  State  line,  and  tney  continue  with  little  increase 
of  width  for  four  miles  southwesterly,  and  then,  as  they  enter 
Bemardston,  their  boundary  upon  the  older  rocks  turns  abruptly 
west,  and  runs  for  seven  miles  a  little  south  of  west,  past  the 
village  of  Bemardston,  and  along  the  north  line  of  Greenfield. 
Bernardston  village  stands  just  in  the  middle  of  this  line,  and 
at  the  mouth  of  a  narrow  valley,  up  which  a  lobe  of  the  alluvial 
sands  reaches  northwardly  for  nearly  two  miles.  On  the  west, 
this  valley  is  bounded  by  the  high  ridge  of  West  Mountain, 
made  up  of  the  contorted  argillite  which  stretches  in  a  narrow 
band  far  north,  across  Vermont,  and  disappears  below  the  river 

♦  The  introductory  part  of  this  paper,  giving  a  history  of  previous  investigations 
in  the  region,  is  here  omitted.  The  publications  mentioned  in  it,  which  are  of 
chief  interest  in  this  connection,  are :  Prof.  Kdward  Hitchcock's  Report  on  the 
Geology  of  Ma.ssachu8ett9,  1833,  and  2d  ed.  1835,  the  latter  mentioning  the  dis- 
covery of  Crinoids  and  giving  figures ;  the  Report  on  the  Geology  of  Vermont, 
by  E.  and  C.  H.  Hitcficock,  i,  447  and  ii,  698,  1861 ;  the  two  papers  of  J.  D. 
Dana  in  this  Journal.  Ill,  vi.  339,  1873,  and  xiv,  379,  1877;  a  paper  by  C.  H. 
Hitchcock  in  this  Journal,  xiii,  313,  1877;  also  observations  by  C.  11.  Hitchcock 
in  the  Geology  of  New  Hampshire,  ii,  428,  1877;  a  short  paper  by  R.  P.  Whitfield 
on  the  fossils  of  Bernardston,  based  chiefly  on  specimens  of  new  forms  discovered 
by  Prof.  Emerson,  published  in  this  Journal,  xxv,  308,  1883. 

The  investigation  by  Prof.  Dana  had  in  view  the  chronological  canon  with 
regard  to  crystalline  rocks — that  kind  of  rock  was  a  safe  criterion  of  geological 
age — and  that,  under  it,  ''staurolite  crystals  were  as  good  as  fossils"  for  the 
purpose.     The  metamorphic  Taconic  region  of  western  New  England,  and  the 
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gands  on  the  north  line  of  Greenfield,  appearing  again  only  in 
the  limited  outcrop  just  west  of  the  village  of  whately,  fifteen 
miles  farther  south,  and  in  one  newly  discovered  at  the  mouth 
of  Mill  River.  Everywhere  the  slope  of  the  West  Mountain 
shows  only  the  black  argillite,  except  in  a  single  band  back  of 
the  house  of  Mr.  Williams,  a  mile  north  of  the  village,  where, 
ipparently  resting  upon  the  argillite,  occurs  the  fossiliferous 
series.  The  section  has  a  width  going  up  the  hillside  on  the 
line  of  dip,  of  only  1050™,  and  is  nowhere  exposed,  on  the 
strike,  more  than  a  tenth  of  this  distance.  The  outcrops  of  the 
ugillite  to  the  north  and  south  show  that  there  can  be  only  a 
7ery  limited  amount  of  the  newer  series  preserved  upon  the 
billside,  while  the  heavy  accumulation  of  till  generally  prevents 
one's  seeing  its  limits  or  its  contact  upon  the  lock  below. 
It  approaches  the  argillite  quite  closely  upon  the  west  and  in 
the  line  of  strike  can  not  be  more  than  3000™  long.      Over 

rinst  the  West  Mountain  on  the  east,  across  the  narrow  valley 
Fall  River,  rises  a  range  of  hills  bounded  on  the  south  and 
east  by  the  terrace  sands,  which  is  composed  of  a  similar  series 
of  rocks  in  similar  succession.  The  principal  difference  between 
the  two  is  that  on  the  east  a  dark  hornblende  rock,  often  massive, 
takes  its  place  in  the  series  while  the  limestone  and  magnetite 
bed  of  the  typical  section  are  wanting,  and  all  the  other  mem- 
>er8  are  somewhat  more  metamorphosed.  Staurolite  occurs  in 
he  schists,  feldspar  crystals  and  biotite  in  the  quartzites,  and 
hey  are  thrown  into  complex  folds  and  greatly  faulted.  They 
ie  in  fact  along  the  center  of  the  great  synclinal  of  the  Con- 
lecticut  valley  which  is  an  area  of  maximum  disturbance  of  the 
ocks  quite  across  the  State.  These  discrepancies  become  less 
mportant  when  it  is  noted  that  hornblende  exists  in  consider- 
tbfe  quantity  directly  above  the  Williams  farm  limestone,  and 
he  second  bed  of  the  same  limestone  in  South  Vernon  is  encased 
n  hornblende  schist.     Across  the  river  in  Northfield  the  white 

{erDftrdston  of  central,  being  known  to  a£ford  fossils,  the  former  of  Lower 
iilurian  age  and  the  latter  of  Lower  or  Upper  Helderberg,  these  were  selected 
i8  regions  for  ascertaining  what  kinds  of  crystalline  rocks  might  be  of  these 
Liferent  periods  for  comparison  with  Archaean  crystalline  rocka.  (The  Lower 
Ulurian  age  of  the  Taconic  system  was  hardly  questioned  in  1873  by  any  one.) 
?rgl  Dana's  papers  on  the  Bemardston  region  describe  among  these  rocks, 
)e8ides  the  limestone  and  quartzyte,  gametiferous  mica  schist,  staurolite  slate, 
gneiss,  and  various  homblendic  rocks,  incUiding  quartz-syeoite. 

Prof.  Emerson  has  given  tlie  region  a  thorough  investigation,  in  which  he  has 
•emoved  the  doubts  as  to  the  relations  of  the  beds,  made  out,  as  far  as  possible, 
he  system  of  faults  and  flexures,  studied  the  rocks  as  to  their  kinds  and  transi- 
ionu,  and  detormined  the  age  of  the  series  to  be  Upper  Devonian.  The  paper 
jirill  be  accepted  in  America,  and  should  be  elsewhere,  as  putting  the  facts  beyond 
loubt  that  gneiss,  dioryte,  granite,  and  the  other  crystalline  rocks  described  are 
lot  always  of  Archaean  or  pre-Cambrian  make ;  that  dioryte  and  granite  are  not 
ilways  of  igneous  origin  ;  and  these  conclusions  are  made  sure  on  the  well-estab- 
lished criterion  of  age,  that  is,  fossils — Crinoids,  Corals,  Brachiopods.       j.  d.  d. 
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saccharoidal  quartzite  extends  to  the  base  of  the  Northfield 
ICoantain  and  is  there  bounded  by  a  north-south  fault,  while 
only  a  single  outcrop  of  schist  is  exposed. 

2.  The  relation  of  the  Bemardaton  series  to  the  ArgiUite. 
-—It  was  originally  assumed  by  President  Hitchcock  that  the 
ar^llite  and  the  schists  of  this  series  were  conformable.  Pro- 
fessor J.  D.  Dana,*  finding  the  argillite  about  a  half  mile  west  of 
the  limestone  to  have  a  much  higher  dip,  decided  that  they  were 
unconformable  to,  and  much  older  than,  the  upper  series,  and 
this  conclusion  was  accepted  by  Prof.  C.  H.  Hitchcock.f  I  have, 
in  tracing  the  distribution  of  the  quartzite,  given  five  localities 
where  the  boundary  of  the  quartzite  and  argillite  is  well  exposed, 
and  I  could  increase  the  number,  and  in  each  case  there  is 
apparent  conformity  and  a  uniform  passage  from  the  common 
argillite,  into  argillite  with  minute  garnets  and  minute  biotite 
spangles,  fine-grained  black  quartzite  graduating  into  coarser 
qnartzite  an  d  conglomerate.  The  argillite  is  extremely  corrugated 
and  often  cleavea,  and  observations  of  dip  a  rod  from  the  contact 
are  of  no  value  as  settling  a  question  like  this. 

3.  The  Williams  farm  Sectio^i. — See  maps  1  and  2  and 
aections,  figs.  3,  4,  5.  The  long  band  of  the  rocks  of  the  Ber- 
nardston  series  along  the  lower  slope  of  the  West  Mountain 
has  been  brought  into  its  present  position  by  extensive  dislo- 
cations and  is  plainly  cut  by  two  transverse  faults  which  run 
approximately  with  the  brook  gorge  north  of  the  limestone  and 
with  the  larger  gorge  of  Fox  brook  half  a  mile  south.  The 
area  between  containing  the  fossiliferous  limestone  is  the  one 
here  described. 

Passing  up  the  hillside,  back  of  Mr.  Williams's  bam,  the  first 
bed  and  the  upper  one  on  the  section  (fig.  3)  is  a  dark  musco- 
vite  schist,  which  is  exposed  in  a  single  small  quarry  and  sepa- 
rated by  a  depression  which  runs  with  the  strike,  and  which  I 
have  supposed  in  the  section  to  be  occupied  by  the  same  schists 
and  to  have  been  formed  by  their  erosion.  The  outcrops  are 
almost  continuous  across  the  qnartzite  and  limestone  which 
follow,  to  the  second  outcrop  of  schist,  where  a  similar  depres- 
sion separates  the  latter  from  the  second  band  of  quartzite, 
which  T  have  in  like  manner  supposed  to  be  occupied  by  this 
schist.  The  thicknesses  given  in  the  section  are,  with  this 
explanation,  the  result  of  careful  measurement ;  and  the  eleva- 
tions taken  with  two  closely  agreeing  aneroids,  and  referred  to 
the  sea  level  by  means  of  the  height  of  the  railroad  station 
at  Bernardston,  corrected  so  as  to  agree  with  Gen.  Ellis's  survey 
of  the  Connecticut  Kiver. 

•  This  Journal,  III,  vi,  343.  f  Geol.  N.  H.,  ii,  433,  1887. 
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^Section  of  the  Williams*  Farm  Bocks, 

1.  Garnetiferous  mica  schist 22*5  m. 

2.  Micaceous  quartzitc  and  conglomerate 135*   ** 

3.  Masrnetite,  maximum.    1*   " 

4.  Limestone   6*    ** 

Fault 

1.  Mica  schist 35-    " 

2.  Quartzite  and  conglomerate  if  conformable  with  the 

mica  schist 200*    ** 

The  beds  below  the  fault  are  a  repetition  of  those  above. 

a.  The  AryiUite  (fig.  3,  A,  west  end). — Beginning  nearly  a 
mile  northwest  of  the  Williams  house,  and  jnst  north  of  the 

f)oint  where  the  road  over  West  Mountain  bends  sharply  west,  a 
ong  ridge  of  the  typical  elaborately  contorted  argillite  extends 
northerly.  Going  east  a  drumlin  conceals  its  contact  with  the 
newer  rock,  and  I  have  rej)re6ented  beneath  the  till  a  comfor- 
mable  contact  of  the  argillite  and  the  quartzite  as  I  have  found 
it  everywhere  in  the  region.     (See  tig.  2.) 

h,  ihe  vjeste7*ii  onterop  of  the  mica  schist, — Where  the  series 
outcrops  for  the  first  time  after  crossing  the  drumlin,  a  small 
area  of  the  mica  schist  of  this  series  has  recently  come  to  my 
notice.  It  is  a  garnetiferous  mica  schist,  like  the  more  eastern 
outcn)i)s,  and  it  lies  plainly  in  a  small  synclinal  of  the  quartzite. 
It  lies  ten  rods  south  of  the  western  of  a  row  of  great  chestnuti? 
which  crown  the  hill. 

c.  'J he  u'cMter/i  tn'j^osvrefi  of  the  qvartzlte. — The  discovery  of 
the  schist  just  (lescril)ed  makes  plain  the  structure  of  these 
quartzite  outc^^ps  with  their  western  dip.  As  they  lie  in  a 
small  synclinal  the  (juartzite  makes  a  corresponding  anticlinal 
before  reaching  the  uutcroj)  of  the  mica  schist.  The  rock  is 
dark  gray  <|uartzite,  at  times  conglomeratic,  weathering  very 
rougli,  with  strike  and  dij)  very  irregular  and  imccrtain,  with 
many  sliglit  slips  and  crushings,  indeed,  often  completely 
brecciatcd  and  recemented  with  limpid  quartz.  Locally  it 
pass(3s  into  a  black  siliceous  slate  l)y  the  microscopical  develop- 
ment of  biotite  and  the  accumulations  of  coaly  matter.  A  few 
scales  of  the  former  mineral  can  be  seen  with  the  lens.  Going 
up  the  hillside  from  the  limestone  along  the  line  of  dip,  two 
snuill  ledges  of  the  rock  api)ear,  as  may  be  seen  from  tlie 
section,  widely  separated  from  each  (►ther,  and  from  the  r(»ck 
al)ove  and  below. 

It  is  not  difficult  to  find,  among  the  less  crushed  portions  of 
each  ledge,  pieces  which  agree  exactly  with  the  quartzite  abo^e 
the  limestone,  especially  that  which  outcrops  a  few  meter* 
above  the  latter,  and  its  peculiar  appearance  is  largely  due  to 
crushing  and  infiltration  of  (piartz.     The  same  result  is  reached 
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ly  examining  the  quartzite  ledges  alone  the  strike  north  and 
eonth  from  this  point  and  comparing  them  with  the  "upper 
quartzite." 

d.  The  mica  schist  west  of  the  limestone, — This  rock  is  a  dark, 
even-bedded,  muscovite  schist,  so  line  grained  as  to  be  almost 
indistingaishable  from  the  even-bedded  varieties  of  the  argillite 
below,  with  its  glistening  surface  pitted  here  and  there  by 
minute  hollows  irom  which  small  red  dodecahedral  garnets 
have  fallen  out.  It  is  abundantly  marked  by  small  bodies, 
which  appear  mach  like  minute  altered  chiastolites  just  visible 
to  the  eye.  The  minute  chiastolite-like  forms  prove  to  be 
made  up  externally  of  bands  of  quite  large  muscovite  plates, 
each  normal  to  the  long  sides  of  very  impure  biotite  crystals, 
the  latter  placed  transversely  to  the  bedding  of  the  rock. 
Under  the  microscope  the  rock  shows  a  tine,  scaly,  colorless 
ground  mass,  dotted  abundantly  with  coaly  matter,  and  made 
up  mostly  of  muscovite  plates  with  some  apolar  matter,  appar- 
ently opal.  The  constituents  are  a  little  larger  than  in  the  argil- 
lite,  and  the  coaly  matter  less  abundant.  No  kaolin  could  be 
detected.  The  much-fissured  clear  garnets  are  surrounded  by 
a  black  band  from  the  repulsion  of  the  coaly  matter,  within 
which  a  broad  decomposition  band  of  chlorite  in  twisted  scales 
appears  which  often  extends  nearly  to  the  center.  They  con- 
tain large  grains  of  quartz  irregularly  arranged.  The  biotite 
incloses  garnet,  and  the  muscovite  forms  caps  around  the  garnet, 
and  arranges  itself  symmetrically  to  the  biotite,  so  the  order  of 
crystallization  is  very  generally  garnet,  biotite,  muscovite. 
The  large  amount  of  impurity  in  the  biotite  indicates  that 
when  it  formed  the  rock  was  more  carbonaceous  than  at 
present.  Leucoxene  occurs  in  yellowish  white  grains  less 
abundantly  than  in  the  argillite 

e,  Fault  between  the  schist  and  limestone^  rf,  fig.  2. — The  bed 
last  described  dips  under  the  limestone  apparently,  with  the 
strike  N.  70°  E.  and  dip  25°  to  35°  E.  But  just  opposite  and 
northwest  of  the  largest  excavation  in  the  limestone,  and  under  a 
small  apple  tree  where  the  schist  seemed  certainly  to  go  under 
the  limestone,  and  where  Prof.  Dana  and  the  writer  dug  away 
and  followed  it  for  six  inches  under  the  limestone,  later  I 
had  excavations  made,  having  doubted  the  reality  of  the  appar- 
ent conformable  superposition,  because  the  bed  of  limestone 
rested  on  the  schist  with  abrupt  transition  and  total  want  of 
continuity.  I  found  the  two  rocks  to  be  faulted  against  each 
other,  the  wall  of  the  limestone  bending  under  for  a  few  inches 
and  then  going  down  vertically,  and  the  schists,  so  flat  in  the 
exposures  below,  were  here  crumpled  up  sharply  and  ground 
into  shapeless  masses  against  the  limestone.  I  followed  the 
fault  down  more  than  a  meter  without  finding  the  bottom  of 
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the  limestone,  but  found  mingled  in  the  crunched  schist  in^ 
ments  of  the  ehloritic  rock,  which  lies  below  the  limestone 
and  is  exposed  in  the  bln£E  to  the  north.  At  a  later  date  I  hid 
further  excavation  made,  uncovering  the  northern  blnff  where 
also  the  mica  schist  approached  the  limestone  at  its  northen 
end,  and  I  exposed  here  a  zigzag  fault  line  between  the  schist 
on  the  west  and  the  black,  magnetite-pyrite-chlorite-limestoDef 
and  below  this  with  the  white  limestone  itself,  e  on  map,  &.  i 
The  fault  plane  is  nearly  vertical.  The  relation  of  the  beds  it 
this  point  are  made  plain  by  lig.  5.  This  latter  excavation  wm 
made  by  direction  of  the  United  States  Geological  Survey. 

/'.  The  Limestone, — The  limestone  which  forms  the  centerof 
interest  of  the  section,  is  exposed  in  many  old  pits,  extending 
from  the  bluff  overlooking  the  brook,  to  the  largest  opening 
overhung  by  birches,  where  the  rock  is  most  fossiliferous ;  and 
the  line  of  outcrops  is  continued,  by  more  scattered  openings, 
farther  southwest.  It  extends  in  all  about  125  m.  from 
northeast  to  southwest,  that  is  along  the  line  of  strike.  It  is 
for  the  most  part  a  coarsely  crystalline,  saccharoidal  limestone, 
at  times  so  coarse  that  cleavage  pieces  of  calcite  8  centimetore 
across  can  be  obtained  from  it.  Below  it  is  in  thick  beds  with 
stratification  mostly  obliterated,  while  the  upper  portion,  for 
about  2  meters,  is  thin-bedded,  finer  grained  and  micaceous. 
The  rock  contains  some  pyrite,  which  with  the  more  abundant 
deposit  of  the  same  in  the  bottom  of  the  quartzite,  has  been 
the  source  of  the  great  amount  of  porous  linionite,  which  tills 
broad  veins  and  great  cavernous  spaces  in  the  limestone.  It* 
modern  formation  is  attested  by  the  rootlets  changed  into 
limonite  enclosed  in  it. 

It  makes  a  strange  impression  to  turn  over  a  mass  of  coarsely 
crystalline  limestone,  and  find  the  weathered  surface  covered 
with  Crinoid  stems  or  Corals.  In  masses  showing  no  trace  of 
fof«sils,  these  are  brought  out  e(|ually  well  in  thin  sections;  and 
I  have  even  observed  a  frairnient  of  the  shell  of  a  Terebratula, 
preserving  the  punctate  structure,  the  pores  agreeing  closely 
in  position  and  measurement  with  those  of  modern  genera. 

In  the  section  iig.  4  all  the  fossils  known  ai-e  assigned  to 
their  proper  horizon  so  far  as  known  to  me.  I  would  especially 
note  the  fact,  to  which  my  attention  was  first  called  by  Pro- 
fessor J.  il.  Clarke,  that  the  line  of  division  between  the  two 
f)aleontological  horizons  represented  falls  well  down  in  the 
imestone,  and  that  the  n])per  meter  of  the  latter  is  thin  bedded 
and  wants  the  forms  found  below,  while  it  carries  the  peculiar 
annulate  crinoid  stems  found  also  very  abundantly  in  the 
quartzite  alK)ve. 

The  shaly  limestone  is  in  places  nmch  fissured  and  cemented 
at  times  with  veins  5-10"*"    wide  of  a  completely  granitoid 
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jnixture  of  quartz  and  mnscovite,  the  plates  of  the  latter 
axtending  quite  across  the  vein,  while  the  cemented  rock  still 
«bow8  abundant  crinoid  stems.     The  limestone  contains : 

CaCO,  98-38         Fe,0,  0-62         SiO,  1-00 

g.  The  Magnetite  hed, — In  the  largest  opening  under  the 
main  group  of  birches  the  limestone  for  the  upper  three  inches 
is  impregnated  with  magnetite  and  the  quartzite  above  this  is 
foBsiliferous.  Following:  this  boundary  north  15  meters  the 
ferruginous  horizon  swells  out  to  a  thickness  of  one  meter  and 
is  here  represented  by  a  bed  of  porous  limonite.  At  the  same 
distance  farther  north  it  is  a  bed  of  fine-grained  magnetite, 
often  pyritous,  and  in  one  place  garnetiferous,  and  nearly  a 
meter  thick.  It  is  of  limited  extent,  but  furnishes  blocks 
of  ore  not  to  be  distinguished  from  Laurentian  magnetites. 
Analysis  indicates  phosphorus  as  well  as  sulphur. 

A  little  farther  north  where  the  base  of  the  quartzite  is 
exposed  over  the  thickest  magnetite,  it  is  a  dark  gray  quartz 
schist,  abounding  in  pyrite,  much  crushed,  and  the  fissures 
covered  with  small  fresh  rosettes  of  gypsum  crystals,  and  with 
drusy  crusts  of  a  mineral  of  earlier  formation,  now  much 
decomposed,  which  seems  to  be  prehnite  ;  but  from  the  small 
size  (5"°*)  of  the  crystals,  and  tneir  altered  state,  they  could 
not  be  certainly  determined.  The  form  of  the  crystals  is 
peculiar,  as  if  each  were  made  up  of  half  a  dozen  long  square 
prisms  bounded  above  by  a  dome  and  placed  side  by  side, 
producing  a  form  like  a  section  of  a  thick  saw  blade. 

At  the  point  where  the  magnetite  is  thickest — one  meter — 
I  exposed  by  digging,  \i%  contact  with  the  limestone  below  and 
with  the  quartzite  above,  and  found  it  to  pass  gradually  into 
the  white  limestone  below  and  to  graduate  above  into  a  thick 
layer  (20"")  of  a  compact  grayish  black  rock,  rusting  red  and 
glistening  under  the  lens  with  fine  biotite.  Under  the  micro- 
scope it  proved  to  be  a  granular  limestone  with  regularly  dis- 
seminated biotite  scales,  of  so  strong  absorption  that  basal 
sections  are  opaque  except  in  the  thinnest  portions,  and  then 
greenish  brown.  It  is  thus  unlike  all  the  micas  of  the  region 
and  perhaps  is  phlogopite.  The  mica  is  abundantly  and  regu- 
larly spread  through  the  mass,  exactly  as  in  a  whetstone 
schist.  A  single  crystal  of  hornblende,  little  coaly  matter  and 
rust,  the  fragment  of  a  punctate  Brachiopod  and  the  arm-piece 
of  a  Crinoid  occur  in  the  slide.  This  rock  graduates  into  the 
black  pyritous  quartzite  above  ;  all  the  beds  are  so  entirelv 
continuous,  and  undisturbed,  that  it  is  impossible  to  think 
of  faulting,  or  any  irregularity  at  the  junction,  any  more  than 
at  the  opening  farther  south  under  the  birches,  where  the 
junction  is  equally  undisturbed.     The  paleontological  evidence 
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reinforces  the  stratigraphical  for  the  continnitv  of  the  Wmt 
stone  and  the  quartzite.  At  its  northern  enci,  overhangiDg 
the  brook  in  the  most  northerly  digging,  the  magnetite  layer 
is  a  black,  magnetite  pyritechlorite  rock.  Fig.  4,  and  ^,  fig  1 
This  rock  which  caps  the  limestone  contains  amphibole,  biotite, 
chlorite  and  little  pyrite,  magnetite  and  hematite,  and  an 
amorphous  mineral  resembling  serpentine.  The  biotite  is  ven 
dark  colored  in  basal  sections  and  in  places  changing  into 
chlorite  and  passing  at  the  edges  into  the  serpentine-like  min- 
eral. In  the  larger  part  of  the  section  it  has  a  fibrous 
structure  the  fibers  grouped  into  large  elongate  patches,  at  times 
radiate  and  the  whole  resembling  a  fine  hornblende  schist  It 
is  of  oil-green  color,  shows  only  in  patches  a  trace  of  dichroism. 
and  with  polarized  light  there  is  a  faint  predominance  of 
extinction  at  about  3°  from  the  long  axis  of  the  fibrous  groapg, 
which  proceeds  from  the  whole  group;  and  this  is  overlaid  as  it 
were  by  the  aggregate  polarization  of  the  serpentine-like  mineral 
in  fine  scales  and  needles.  An  analysis  maae  for  me  by  Mr.  G. 
H.  Corey,  of  the  class  of  '88  in  Amherst  College,  gave : 

SiO,  42-5C,  Fe,0,  44*25,  CaO  13-11  =  99-92. 

The  absence  of  magnesia  from  this  analysis  is  puzzling,  as  the 
product  of  decomposition  of  the  hornblende  resembles  ser- 
pentine strongly.  It  is  possible  that  a  highly  ferruginous 
amphibole  has  cleveloj)od  in  the  magnetite-calcite  bed  and  this 
has  changed  into  a  ferruginous  mineral  allied  to  chloropal. 

//.  77ic  eaister)}  bed  of  Quartz itt. — Under  the  birches,  as  repre- 
sented in  the  section,  fig.  4,  one  meter  of  a  thin,  evenly  lamin- 
ated, light  gray  quartz-schist  caps  the  limestone,  and  is  very 
rusty  especially  at  the  base,  and  porous  from  the  amount  of 
pyrite  and  caleite  that  has  ])een  removed.  Two-thirds  the  way 
up  a  layer  of  about  W"  thickness  is  crowded  with  flattened 
and  distorted  casts  of  13rachiopoda  and  of  annulate  Crinoid 
st(jms ;  a  large  Spirifer,  with  septa  like  S.  ili^junctu^  is 
very  abundant.  Traces  also  of  lihynchoneUa  and  OrthU  are 
common,  of  ynrula  and  PlatijOHUyma  rare,  and  the  ringed 
Crinoid  stems  attain  verv  common.  The  material  I  have  been 
able  to  ol)tain  has  been  submitted  to  Mr.  J.  P.  Whitfield  and 
discussed  by  him  in  this  Jimrnal.*  The  fossiliferous  bed  is  of 
very  limited  lateral  extent,  and  I  could  trace  it  only  about 
three  meters. 

The  next  outcrops,  15  m.  east,  and  about  2  m.  above  the  bed 
just  (iescril>e(.l,  is  a  hard  gray  quartzose  conglomerate,  with 
white  flattened  quartz  pebbles,  iO-io"'"'  across.  Under  the 
microsco])e,  the  rock  is  seen  to  l>e  made  up  of  angular  grains, 
with    large   cavities    filled   with    water,    containing    spherical 

*  Vol.  XXV,  page  36S,  1883. 
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ighly  refringent  globules  with  moving  bubbles.  It  carries 
Ifio  carbonaceous  matter  in  globules,  magnetite,  pyrite,  a  little 
ornblende  and  muscovite,  which  latter  forms  the  partings 
etween  the  pebblea  It  resembles  much  more  closely  the 
uartzite  described  above,  p.  268,  <?,  than  it  does  the  rest  of  the 
uartzite  above  and  below  it.  The  quartzite  continues  very 
ompact,  vitreous  and  unevenly  bedded  for  20  m.  down  the 
iU,  and  in  its  upper  portion  carries  garnets.  It  then  becomes 
bin-laminated,  separating  into  layers  about  30™°"  thick,  which 
re,  in  fresh  cross  section,  white  to  bluish  vitreous  quartz,  and 
he  surface  of  the  plates  is  coated  with  muscovite.  It  is  finely 
ointed,  and  the  surfaces  of  the  broad  plates  are  somewhat 
carped,  giving  varying  dips.  Higher  up  it  is  cut  bv  great 
eins  of  quartz,  and  in  the  last  outcrop  before  reaching  the 
ipper  schist  it  is  a^in  a  compact  quartzose  conglomerate. 
Lne  strike  of  the  rock  averages  ]N.  60°  E.,  but  varies  between 
i.  25°  E.  and  N.  70°  E.  The  dip  is  generally  3()°-35°  E.  but 
^aries  from  25°  to  50°.  At  the  large  quarry  a  single  surface 
hree  meters  square  gave  25°  above  and  42°  below. 

i.  On  the  conformity  of  the  Limestone  and  the  overlying 
^uartzite. — Since  the  limestone,  the  magnetite  band  and  the 
erruginous  quartzites  immediately  overlying  the  latter  are 
nsibly  conformable,  and  all  contain  the  same  fossils  as  several 
imes  indicated  above,  there  remained  in  this  direction  only 
►ne  question  unanswered,  namely,  what  was  the  relation  of  the 
eries  exposed  in  the  large  quarry  at  the  birches  and  mentioned 
n  the  last  paragraph,  to  the  quartz  conglomerate  with  flattened 
jebbles  exposed  15  meters  to  the  east  and  thus  to  the  whole 
aass  of  the  quartzite.  The  latter  seems  much  more  metamor- 
•hosed  and  it  might  be  urged  that  a  fault  intervened  between 
de  two.  On  the  other  hand  the  conglomerate  is  typical  of 
lat  extending  from  this  point  northeast  to  South  Vernon  and 
lence  north  nearly  to  Brattleboro,  and  the  exact  proof  of  their 
>nformity  would  greatly  enlarge  the  value  of  the  limestone 
)r  fixing  the  age  of  the  rocks.  For  this  reason  I  had  pits 
Qg  three  meters  apart  from  the  top  of  the  rusty  quartzite  to 
le  nearest  outcrop  of  the  conglomerate  to  the  east,  and  found 
le  quartzite  apparently  continuous  and  no  indication  of  any 
inlt  between  the  two. 

Ab  this  did  not  wholly  settle  the  question  I  had  a  trench 
ng  exposing  the  ledge  the  whole  distance  from  the  fossilif- 
rous  quartzite  to  the  conglomerate.  It  exposed  a  continuous 
arface  of  the  black  slialy  quartzite  for  forty-seven  meters  and 
onglomerate  for  three  meters,  with  strike  N.  50°  E.,  dip  40°  E., 
nd  each  layer  dipped  conformably  beneath  the  succeeding  one 
nd  the  possibility  of  any  fault  was  wholl3'  excluded.  See  sec- 
ion  1.     Fig.  3  and  c,  fig.  2. 
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j.  The  u])per  outcrop  of  the  Mica  schist. — This  ont(»>p 
occurs  50  meters  distant  from  the  uppermost  outcrop  of  the 
quartzite,  in  a  single  small  rid^e  40  meters  long  and  20  meten 
wide,  with  strike  jS^.  48°  E.  (41°  to  51°)  and  dip  30"*  E.  (25'  to 
34°).     Figure  3,  east  end. 

It  is  a  dark  gray  fissile  niuscovite  schist,  splitting  into  thin 
slabs.  Its  surfaces  are  pimpled  with  small  garnets  and  biotite 
crystals,  or  pitted  by  the  cavities  left  when  the  cirstab 
remained  in  the  adjoining  slab  of  schist ;  and  it  carries  aonnd- 
antly  small  dark  brown  biotite  crystals,  long  prisms  with 
rounded  angles  1-5x2  5°'°',  and  placed  generally  with  their 
broad  cleavage  face  at  a  large  angle  to  the  bedding  plane  of 
the  rock,  and  so  visible  only  as  dull  black  lines  on  the  latter 

flane,  and  as  shining  black  scales  when  the  slab  is  broken  across. 
n  tracing  the  same  rock  across  the  valley,  still  another  curious 
uniformity  of  position  was  observed.  The  great  majority  of 
the  scales  lie  with  their  flat  surface,  the  face  6>,  noimal  to  the 
line  of  strike,  and  the  longer  diagonal,  here  greatly  elonsated, 
parallel  with  the  dip,  a  phenomenon  entirely  comparable 
with  the  "  stretching  "  of  gneiss,  and  indicating  a  pressure  and 
an  incipient  structure  at  right  angles  to  the  present  one. 

Microscopically  the  rock  shows  exactly  the  same  scaly  coal- 
dusted  mass,  consisting  largely  of  muscovite  plates  irregularly 
bounded,  as  does  the  schist  adjoining  the  limestone,  rf,  p.  269, 
only  on  a  slightly  larger  scale.  The  biotite  crystals  are  also 
bordered  in  tlie  same  way  by  a  layer  of  larger  and  purer  mus- 
covite scales,  but  not  so  constantly,  nor  is  the  layer  so  broad 
and  regular. 

The  mica  crystals  are  true  biotite  (meroxene,  p<^v\  as  proved 
1)V  Htudv  of  cleavaice  scales.  Some  slides  show  in  abundance 
grains  of  opaque  black  ore  with  some  grains  partly  changed  to 
an  o|)a(|uo  white;  others,  in  i)lace  thereof,  are  grains  of  exaotlv 
simihir  size  and  arrangement  of  an  opaque  yellowish  white 
material ;  I  judge  therefore  the  former  to  be  menaceanite,  the 
latter  leucoxone.  Limpid  <lo<lecahedral  garnets,  magnetite  aiui 
pyrite  also  occur.  The  only  microsco])ical  distinction  betwet^u 
the  upper  and  lower  seliists  is  in  the  somewhat  larger  size  «»f 
the  constituents,  and  a  slightly  greater  clearness  of  crystalliue 
textun^  in  the  upper,  so  that  one  can  affirm  more  certainly  the 
absence  of  any  clayey  matter,  ilacroscopically  the  um>er 
schist  is  somewhat  thicker  bedded,  of  more  uneven  surtaoe. 
A  lens  is  hanllv  needed  to  see  the  muscovite  scales  on  the 
surface  of  the  slabs,  and  the  biotite  and  garnet  are  conspicuous 
an<l  abundant  accessions,  instead  of  being  only  minute  and,  in 
the  case  of  garnet,  also  rare. 

4.  Thf  aynt'Inud  north  nf  the  brook  in  the  Williams  pasture. 
North  i)ai't  of  map,  fig.  2. — Within  the  area  just  described  the 
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)ckfi  dip  moetly  to  the  east,  while  north  of  the  brook  the  struc- 
ire  is  decidedly  different.  A  section  east  and  west  through 
lie  woods  shows  a  great  synclinal  of  the  quartzite  in  the  argil  lite. 
Following  down  the  brook  from  the  limestone  to  where  the 
roods  end  and  then  skirting  the  latter  for  a  few  rods  north 
>  where  the  first  wood  road  enters  them,  a  little  way  in  and 
t  the  first  outcrop  on  the  south  side  of  the  road,  there  is  a 
rell  exposed  contact  of  the  argillite  beneath  and  the  quartzite 
bove;  strike  K  20°E.,  dip  20^  W. ;  the  argillite  flat  fissile, 
rith  few  chloritized  garnets ;  the  quartzite  a  dark  gray  indu- 
cted sandstone  becoming  coarser  higher  up.  The  two  beds 
Bern  to  be  plainly  conformable.  The  argillite^  can  be  followed 
orth  to  a  point  in  the  bluff  opposite  C.  Frary's  house  with 
niform  westerly  dip  beneath  the  quartzite,  and  on  the  west  of 
he  latter  the  argillite  is  found  dipping  easterly  beneath  it, 
hough  the  junction  is  covered.  I  imagine  this  synclinal  is  cut 
ff  on  the  north  by  a  fault  along  the  bed  of  Fall  river,  but  the 
ocks  are  covered  here.  Directly  opposite  the  limestone  across 
he  brook  the  auartzite  contains  dodecahedral  garnets  10  to 
1"°*  across,  boraered  by  chlorite. 

5.  The  outcrop  along  Fox  Brook  to  the  south  of  the 
WiUiains  section. — Behind  the  first  house  on  the  road  over 
^^est  Mountain,  after  leaving  the  village,  there  is  seen  from 
he  road  a  bare  bluff  of  blue  till,  and  below  this  an  outcrop  in 
he  brook  of  Triassic  sandstone ;  twenty  rods  above,  the  quartz- 
te  rests  conformably  upon  the  argillite,  which  contains  a  few 
;arnet8  just  below  the  junction.  It  strikes  N.  60°  E.  and  dips 
10°  E.,  and  the  boundary  is  thus  pushed  east  by  the  whole 
ndth  of  the  Williams  section,  though  the  fault  which  separates 
hem  can  not  be  exactly  located. 

[To  be  continued.] 


V.RT.  XXXVI. — 071   the    Circular   Polarization   of  certain 
Tartrate  Solutions — III ;  by  J.  H.  Long. 

In  the  number  of  this  Journal  for  October,  1889, 1  described 
certain  peculiarities  of  solutions  of  potassium  antimony  tartrate 
vhen  mixed  with  carbonates,  borates,  phosphates  or  acetates 
n  amounts  insufficient  to  produce  immediate  precipitation. 
Che  specific  rotation  of  this  tartrate  is  very  high,  being,  (for 
3  =r  5)  [a]i,  =  141°'273.  No  other  metallic  tartrate  approaches 
ihis  rotation.  It  was  shown  in  the  paper  referred  to  that  the 
addition  of  sodium  carbonate  in  small  amount  decreased  the 
specific  rotation  to  55°'795,  and  this  without  precipitation  of 
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the  antimony.     Other  salts  produced  a  marked  decrease,  bat 
less  than  that  by  the  carbonate. 

As  a  problem  of  chemical  dynamics  this  phenomenon  po6- 
sesses  considerable  interest  as  bearing  on  the  general  qnestion 
of  the  nature  of  solutions,  and  I  concluded  to  make  it  the 
special  subject  of  an  investigation,  the  chief  points  of  which 
are  given  below. 

^periments  with  sodium  carbonate. 

For  each  test  five  grms.  of  the  tartrate  were  dissolved  in  about 
70  C.C.  of  water  by  aid  of  heat  and  then  cooled  to  20**  C.  or 
below.  Definite  amounts  of  the  carbonate,  pure  and  dry,  were 
dissolved  in  water  and  added  to  the  tartrate,  the  mixture  being 
then  diluted  to  exactly  100  c.c.  at  20°  C.  By  careful  work  it 
is  possible  to  prepare  clear  solutions  containmg,  with  the  five 
grms.  of  the  tartrate,  a  gram,  or  more,  of  the  anhydrous  ca^ 
Donate.  With  much  greater  amounts  precipitation  usually 
takes  place  before  the  polarization  can  be  observed. 

In  the  table  below  the  solutions  numbered  1  to  5  inclusive 
remained  perfectly  clear  during  several  hours  and  were  polar- 
ized in  two  to  four  hours  after  preparation.  Numbers  6,  7  and 
8  became  slightly  turbid  and  finally  deposited  a  precipitate. 
The  rotations  were  observed  after  twenty-four  and  lorty  honrs. 
In  nearlv  all  eases  some  differences  were  observed  in  the  tests 
made  twenty-four  hours  apart.  Such  differences  became  very 
plain  when  the  first  test  was  made  as  soon  as  possible  after  the 
preparation  of  the  solution.  In  order  to  show  this  I  made 
cold  solutions  of  the  tartrate  and  carbonate,  brought  them  to 
20°,  mixed  and  diluted  quickly  with  the  small  amount  of  water 
necessary  to  make  100  c.c.  After  gentle  shaking,  the  mixture 
was  ])oured  into  a  -lOO"""'  tube,  kept  at  20°  by  water,  and  polar- 
ized within  five  minutes.  The  results  found  were  very  siniru- 
lar  and  interesting.  They  are  given  under  numbers  9,  10  and 
11.  The  three  solutions  remained  perfectly  clear  durini^ 
several  liouns.  At  the  end  of  twelve  hours  number  9  lia^ 
deposited  nothing,  but  after  twenty-four  hours  an  unweigh- 
able  trace  separated  out.  Number  lU  deposited  nothing  until 
after  twenty-four  hours.  Number  11  was  clear  during  two 
hours  but  in  twelve  hours  a  precipitate  settled  out,  leaving  the 
supernatant  licjuid  perfectly  clear.  In  all  the  above  cases  the 
preei))itate  apj)eared  very  much  less  than  called  for  by  the 
equation  : 

2K8bOC\lI,(),.H3O4-Xa,C'O,=2KNaCJI,O.-fSb,O,.H,O-f-C0, 

Analysis  of  the  precipitate  showed  it  to  have  the  composi- 
tion given  when  dried  at  100^.      For  the  five  grms.  of  the 
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• 

tartrate  taken,  0*7982  grin,  of  the  carbonate  should  be  reouired 
fwr  complete  precipitation.  Analysis  of  the  supernatant  liquid 
showed  in  all  cases  much  of  the  antimony  in  solution. 

It  was  noticed  that  a  slight  elevation  of  temperature  pro- 
duced a  copious  precipitation  with  escape  of  CO,,  in  cases,  and 
U>  test  fully  the  action  of  heat,  solutions  were  made  and  mixed 
hot.  The  mixture  was  kept  one  hour  on  the  water  bath  and 
then  filtered,  the  cool  filtrate  being  made  up  finally  to  100  cc 
at  20°.  The  results  found  in  these  tests  are  given  below 
opposite  numbers  12  to  18  inclusive. 


! 

No. 

1 

Na^CO, 

Ad 

KSbOT 

in 
100  c.c 

a-o  for 

KSbOT  + 

KNaT. 

Od  for  com- 
:  plete  pre- 
cipitation 
by  XaaCO, 

1 

1   ; 

2    , 

•Igrm. 
"3 

25^170 
20-690 

4-496grm. 
4-226 

27'-941 
24-417 

25°132 

• 

3 

5 

16-628 

3-482 

20-764 

12-853 

1 

4 

•7 

13-535 

2-838 

17-624 

, 

5 

•9 

10-250 

2-023 

13-607 

3-767 

6 

1 

■2 

6-136 

1-458 

10-870 

3-767 

7 

1 

5 

3-510 

-689 

7-094 

3-767 

\ 

8 

2 

•0 

3-301 
25-582 

-219 

4-824 
28-207 

3767 
25-132 

1 

9 

I 

5-000 

5  miDutes. 

9 

"] 

25-580 

5-000 

28-207 

25-132 

30       '» 

9    ! 

1 

24-480 

5-000 

28-207 

25132 

12  hours. 

10      i 

•5 

18-620 

5-000 

28-207 

12-853 

'5  mioutes. 

10     . 

5 

17-930 

5-000 

28-207 

.     12-853 

30       " 

10 

5 

16-670     ■ 

4-716         ' 

26-814 

12853 

40  hours. 

11 

9 

11-570 

5-000 

28-207 

3-767 

5  minutes. 

11   i 

9 

11-500 

5-000 

28207 

1        3-767 

10       " 

11  ' 

9 

11-132 

5000 

28-207 

3767 

25       " 

11 

9 

10-550 

5000 

28-207 

'        3-767 

65       " 

11 

9          1 

10-339 
24-185  " 

3-569 
4-442 

21-188 
25-473 

3-767 
25132 

12  hours. 

12     1 

1 

13 

6 

10-500 

2-360 

15-245 

12-853 

14 

8 

4-580 

1-057 

8-908 

3-767 

16     i 

1- 

0 

3-568 

-634 

6-828 

3-767 

, 

16 

1 

5 

3-495 

317 

5-297 

3-767 

17     . 

2 

0 

3495 

M    «    •    • 



3-767 

18 

50 

3-380 

-     -       .     _ 



3767 

1 

From  the  table,  and  more  readily  from  the  curve  marked  A, 
in  which  the  ordinates  represent  rotations  and  the  abscissas 
amount  dissolved,  it  will  be  seen  that  with  the  increase  in  the 
amount  of  carbonate  added  there  is  a  decrease  in  the  rotation. 
At  first  the  decrease  is  nearly  directly  proportional  to  the 
amount  of  carbonate,  but  later,  after  the  audition  of  enough  to 

{reduce  precipitation,  the  change  in  the  rotation  is  less  rapid. 
E  we  consider  the  first  tests  made  with  solutions  9,  10  ana  11 
it  will  be  seen,  as  shown  by  curve  B,  that  the  decrease  in  the 
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angle  of  rotation  varies  regularly  with  the  smoant  of  added 
carbonate,  tlic  reaction  not  being  at  all  obscared  by  preeipita- 
tioii.  A  molecular  re-arrangement  of  some  aort,  andoabtedly 
an  interchange  of  bases,  innst  take  place  here.  Id  the  boIq- 
tioHs  prepared  at  the  boiling  temperature  the  decrease  in  tlw 
rotation  is  rapid  until  we  pasa  the  one  containing  '8  gnn.  <A 
the  carbonate,  which  is  tlieoreticallj  sufficient  for  complete 
])reHpitntion.  In  the  solutions  with  laiver  amoanta  of  the 
carl)onate  the  change  in  the  rotation  is  slow,  &8  shown  in  the 
curve  <J.  In  the  fonrth  column  of  the  table  above  I  give  the 
amounts  of  potasEiain  antimony  tartrate  left  in  solotioD,  a 
determined  By  precipitation  of  the  antimony  as  sulphide,  ind 
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OH  li- II  hit  I'd  on  tlie  aivumjition  tliat  it  is  held  as  tartrate  and  not 
MS  antimonite  or  other  compound.  In  column  five  are  given 
the  rotatiuiii'  calculated  for  these  amounts  of  the  antimony 
potawinni  tartrate  (iliis  that  of  the  Midinm  potaesinm  tartrate 
funned  cori-csi  ion  ding  to  the  deciviise  in  the  other.  In  colnmn 
six  art!  given  results  cjdcnluted  on  the  assumption  that  the 
athled  soiliiini  carlionato  precipitates  antimony  in  the  proper- 
tiiin  given  in  the  equation  above.  On  tliia  assnmption  for 
scilutiiius  containing  more  than  '79^2  grni.  of  the  carbonate  tiie 
rotation  should  be  tiiat  of  the  iiochcllc  salt  equivalent  to  5 
gnus,  of  the  antimony  com|)oun<l  taken.  In  the  values  given  I 
have  not  taken  into  consideration  the  slight  decreaae  in  the 
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tation  of  Kochelle  salt  in  presence  of  excess  of  sodium  car- 
mate. 

Bnt  the  calculated  rotations  approach  those  of  actual  obser- 
ition  only  in  the  cases  of  the  solutions  with  0*1  grm.  of 
Tbonate,  and  in  those  with  very  krge  amounts  of  the  latter, 
Naerved  after  long  standing  or  boiling.  No  simple  relations 
n  therefore  be  traced  in  this  way,  and  it  is  evident  that  a 
irt  of  the  antimony  must  be  held  in  solution  in  some  other 
AY  than  aB  tartrate. 

In  mixing  the  solutions  at  a  low  temperature  no  precipitate 
EiB  formed  and  no  CO,  given  off.  It  is  well  known  that  the 
Idition  of  acids  to  tartrate  solutions  decreases  their  rotation, 
ainly  perhaps,  from  formation  of  bitartrate,  and  the  idea 
j^gested  itself  that  this  may  be  the  action  of  the  carbonic  acid 

the  present  mixture.  An  experiment  tried  with  Rochelle 
It  after  saturation  with  the  gas  failed  to  show,  however,  a 
wered  rotation.  Slightly  lower  results  were  found  by  mixing 
le  Rochelle  salt  with  sodium  bicarbonate. 
That  an  important  reaction  takes  place  in  solution  can,  how- 
ler, be  shown  in  another  way.  I  prepared  several  solutions 
f  the  potassium  antimony  tartrate  containing  exactly  5  grm. 
I  something  less  than  100  c.c.  of  cold  water.     To  one  of  tnem 

little  litmus  was  added,  after  which  a  solution  of  sodium 
irbonate  of  exactly  2  per  cent  strength  was  run  in  from  a 
urette.  An  alkaline  reaction  did  not  appear  immediately,  but 
18  final  change  of  color  was  not  sharp  enough  for  an  accurate 
etermination.  Another  solution  was  tned  with  phenol- 
hthalein,  and  here  good  results  were  found.  In  several  trials 
etween  74  and  78  c.c.  of  the  carbonate  solution  were  required 
>r  coloration.  If  the  assumed  equation  of  decomposition  is 
3rrect,  for  5  grms.  of  the  tartrate  we  need  practically  0*8  gram 
f  the  carbonate.  This  amount  is  contained  in  40  c.  c.  of  the 
>lution  used  and  it  required  nearly  double  that  volume  for 
oloration,  which  reaction  sug^gests  the  formation  of  a  bicar- 
onate  if  we  bear  in  mind  that  such  salts  are  neutral  to 
henol-phthalein.  If  it  is  also  taken  into  consideration  that  in 
or  titration  a  little  gas  is  readily  lost  by  agitation,  it  will  be 
3en  that  practically  the  proper  amount  of  alkali  is  added  to 
omplete  the  reaction  above.  From  these  tests  it  is  apparent 
liat  a  reaction  between  the  tartrate  and  carbonate  begins 
[nniediately  on  the  addition  of  the  latter,  and  also  that  the 
[berated  CO,  is  held  as  bicarbonate  or  in  other  form  with 
ttetal  and  neutral  to  the  indicator.  The  following  equation 
oay  express  what  takes  place  : 


2KSbOC,Hp,  +  2Na,CO,4-2lI,0=2KNaCnO,  +  Sb,O..H,0 
2HNuCO,;  or  =:2KNaC,Hp.-fL>SbONaCO,4-2H,0. 
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If  we  calculate  the  theoretical  rotation  from  this  eqaatkn 
much  closer  results  will  be  obtained  than  are  given  in  oolunm 
six  of  the  above  table,  where  only  half  as  much  carbonate  wi6 
supposed  to  take  part  in  the  reaction.  These  equations  would 
suggest  an  explanation  of  the  behavior  of  solutions  9, 10  and  11, 
on  standing.  We  may  suppose  at  first  a  condition  of  equilib- 
rium reached  in  which  HNaCO,  or  SbONaCO,  exists  in  solution. 
This  equilibrium  is  destroved  by  standing  or  by  slight  chaDge 
of  temperature  so  as  to  liberate  CO,  and  permit  the  Na^Cu, 
formed  to  react  on  a  fresh  portion  of  the  tartrate,  giving  fur- 
ther reduction  in  the  rotation.  When  the  rotation  iinallj 
becomes  constant  quite  different  amounts  of  antimony  may  be 
left  in  solutions  oi  the  same  original  strength,  as  shown  in  the 
fourth  column  of  the  table,  opposite  numbers  5  and  11.  The 
amount  of  antimony  finally  precipitated  and  the  rapidity  with 
which  it  precipitates  seem  to  depend  to  some  extent  on  the 
mechanical  agitation  which  the  solution  receives. 

Further  light  is  thrown  on  the  question  of  decomposition  by 
the  experiments  next  to  be  explained. 

Mtperiments  with  sodium  acetate  and  phosphate. 

As  I  have  before  shown,  acetates  decompose  the  potassium 
antimony  tartrate  solution  slowly  in  the  cold  but  rapidly  when 
heated.  A  solution  containing  5  grms.  of  crystallized  sodium 
acetate  with  5  grms.  of  the  tartrate  in  100  c.c.  gave,  at  20°, 
a  =  25°'745,  while  one  with  10  grms.  of  the  acetate  gave 
a  =  24°;676  instead  of  28°-207.  Later  tests  made  with  solu- 
tions mixed  at  the  boiling  temperature  gave  these  results  for 
the  filtered  solutions,  represented  by  the  curve  D,  where  the 
abscissas  have  ten  times  the  value  they  have  in  the  others : 

In  100  c.c. 
Tartrate.  Acetate.  ai> 

6  grms.  5  grms.  22®*125 

5  10  18°-140 

5  15  U°-892 

These  solutions  were  found  to  be  strongly  acid  and  by  eob- 
jecting  them  to  distillation  I  obtained  a  small  amount  of  acetic 
acid.  The  precipitates  were  analyzed  and  were  found  to  have 
the  same  composition  as  produced  by  the  carbonate,  viz: 
Sb,0, .  H,0.     The  reaction  taking  place  is  probably  this  : 

2KSbOaH40, .  11,0  +  2NaC,H30,=2KNaC,H,Oe+SbA .  H,0+ 

2HC,H80,. 

As  a  further  test  I  prepared  a  solution  with  10  grm.  of  the 
acetate  and  5  of  the  tartrate  and  heated  it  for  one  hour  on  the 
water  bath.     It  was  then  filtered.     The  filtrate,  after  addition 


J.  H,  Long — Polarization  of  TaHrate  Solutionis.      281 

phenol-phthalein,  was  titrated  with  half  normal  KOH,  of 
ich  exactly  30  c.c.  was  required  to  give  color.  This  is  the 
ame  needed  to  neutralize  the  acid  or  precipitate  the  anti- 
ay  of  the  last  equation.  The  solution  remained  quite  clear 
if  about  12  c.c.  of  the  alkali  had  been  added,  wlien  it  be- 
le  opalescent  and  finally  turbid  before  the  color  reaction  ap- 
red.  In  an  experiment  with  5  grms.  of  the  tartrate  in  cold 
ition  without  the  acetate  exactly  the  same  amount  of  alkali 
required  for  coloration,  but  an  opalescence  appeared  im- 
Hately,  and  no  actual  precipitation  occurred  until  .all  the 
ili  had  been  added.  This  experiment  amounts,  of  course, 
L  titration  of  the  tartrate  : 

2KSbOC4H,0.  -h  2KOH=K,C,H40«+Sb A .  H,0. 

ally,  the  experiment  was  varied  in  this  way.  5  grms.  of  the 
rate  and  10  of  the  acetate  were  dissolved  and  mixed  at  a 

temperature.  Phenol-phthalein  was  added  and  then  alkali 
oloration.    Now,  as  before,  30  c.c.  was  required  to  give  color, 

the  reaction  took  place  in  a  different  manner,  as  a  precipi- 
!  formed  immediately  and  grew  heavy  as  more  alkali  was 
ed.  This  behavior  seems  to  indicate  that  the  antimony  is 
1  in  a  peculiar  manner,  partly  at  least,  in  the  solution  con- 
ling  the  acetate.     Possibly  a  preliminary  reaction  is  this  : 

KSbOC4H40e  +  NaCgHsO, = KNaC4H40«+ SbOC^HaO,, 

last  being  stable  in  cold  dilute  solution  but  decomposed  by 
t  or  alkalies, 

2SbOC,H30,+2KOH=2KC,H30,+SbA  •  HA 

f  the  above  equations  express  the  truth  we  can  readily 
)unt  for  the  polarization  phenomena.  In  fresh  solutions 
pared  in  the  cold  the  rotation  is  decreased  because  of  the 
Taction  of  a  part  of  the  antimony  to  form  acetate.  In  the 
ed  solutions,  or  in  those  preparea  cold,  after  long  standing, 
rotation  may  be  still  further  reduced  by  the  action  of  free 
;ic  acid  on  the  tartrate.  Some  results  obtained  with  solu- 
B  of  sodium  phosphate  are  given  below : 


In  IOC 
trate. 

)  C.C. 

Phosphate. 

3  hrs. 

72  hrs. 

5  grms. 
5 

0*2  grrn.  cold. 
0-4 

27°-350 
26°-700 

27*'345  no  ppt. 
26°-727 

5 

0-7 

25°-732 

25°-690 

5 

1-0 

24°-755 

24°-850 

5 

1*5           boiled 

2r-303 

6 

2-0 

19°-448 

5 

5-0 

ll''-502 
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Thefie  resalts  are  illastrated  bv  the  curve  K  The  solntioitt, 
after  iKiiling,  were  strongly  acid  Several  tests  were  made 
with  Ixjrax  solutions  in  the  same  manner.  They  gave  teste  Icff 
free  boric  acid  while  the  precipitate  formed  had  the  compon- 
tion  observed  in  the  other  eases. 

From  a  consideration  of  the  behavior  of  the  several  mizturefi, 
I  think  it  is  plain  that  the  explanation  of  the  decrease  in  the 
rotation  must  be  the  same  for  all  cases.  This  explanation  k 
one  which  at  first  sight  would  scarcely  be  expected  because  of 
the  practical  silence  of  the  literature  on  the  subject  of  carbon- 
ates, acetates  and  phosphates  of  antimony.  The  last  two  have 
been  describerl  as  stable  in  some  of  the  older  works.  If  we 
may  assume  that  in  these  combinations  the  metal  is  held  as 
SbO'  the  polarization  phenomena  can  be  readily  accounted  for. 
]^y  mixing  solutions  of  alkali  phosphates,  acetates,  carbonates 
and  borates  with  the  tartrate  in  the  cold  there  is  probably  first 
formed  a  temporarily  stable  antimony  salt  with  corresponding 
amount  of  alkali  tartrate.  The  observed  rotation  is  due  to  this 
plus  that  of  the  unchanged  potassium  antimony  tartrate.  After 
decomposition  by  heat  a  small  amount  of  free  tartaric  acid  or 
bitartrate,  with  low  rotation,  must  exist  in  the  cases  where 
acetic  and  phosphoric  acids  had  been  liberated  in  the  reaction. 
In  the  solutions  with  large  excess  of  carbonate  the  total  anti- 
mony found  probably  exists  in  combination  with  sodium,  the 
decomposing  action  of  the  carbonate  being  much  greater  than 
that  of  the  pliosphate,  acetate  or  borate. 

Kxperimeyits  toith  potaasiuni  amjnonium  tartrate, 

I  have  already  shown  that  the  rotation  of  solutions  of  potas- 
sium sodium  tartrate  is  in  general  increased  by  addition  of 
salts  of  potassinin  or  ammonium  and  decreased  by  those  of 
sodium  and  lithium.  I  have  since  carried  out  a  similar 
investigation,  using  potassium  ammonium  tartrate  as  the 
activ(»  Huhstance.  This  salt  was  freshly  prepared  from  pure 
KI1(',I1,()„  and  X1T/)1T  and  crystallized.  In  the  following 
table  I  i^ivt'  a  few  of  the  results  obtained  which  illustrate  alL 

20  grms.  of  KNI1,(\1I,0,  in  lOOcc.  gave  at  20°  a  =  24°-680, 
or  [//I- 30° -850.  which  is  somewhat  lower  than  the  value  given 
bv  Laiidolt.  in  presence  of  inactive  salts  the  rotation  ib 
aftered  as  luTe  shown. 

In  100  <M*.  witli  Deviation 

20  j^rmH.  tartnUo.  "i,  [a]©  in  [a]. 

5  ixrins.  N11,C1  24°-5*25  SO^'-Goe  —0-194 

U)'  Nll^Cl  L>4''-4fi0  ao'^-OOO  —0-250 

5  KCl  2  4' -710  30°-8S8  +0-088 

10  KV\  L>5^-13(}  31-420  +0-570 

r>  Na(M  L>3''-790  -JO^-OOa  —0-887 

10  NaCM  *Jii"-80C  *J8''-508  —2-842 
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The  molecular  rotation  of  the  several  tartrates  which  come 
into  consideration  here  are,  (from  Landolt's  results  and  my 
own): 

K,C,H  O  =  64°-42  KXaC^LO,  =  62°-34 

(NHJ,C,Hp,  =  63°04  KNH  n  H  O^  =  63°-24 

Na,C,H,0.  =  59"-85  NaNH^C^H^O,  =  6l°-7l 

On  the  general  liypothesis  of  replacement  in  the  tartrate  mole- 
cule by  excess  of  inactive  salts  these  numbers  show  why  the 
addition  of  NH^Cl  should  produce  but  a  slight  change,  while 
that  of  NaCl  must  produce  a  much  greater  one  in  the  rotation 
of  NH,KC,H,0,. 

These  results,  like  those  obtained  with  the  antimony  com- 
pound, suggest  the  value  of  the  polariscope  method  in  the 
study  of  problems  of  chemical  affinity.  This  method  has  been 
applied  in  a  limited  number  of  cases  but  the  experiments 
aoove  detailed  indicate  a  direction  in  which  it  may  be  devel- 
oped. That  a  certain  interval  of  time  is  necessary  to  complete 
these  reactions,  even  where  no  precipitates  are  formed,  is 
shown  by  experiments  9,  10  and  11.  The  polariscope  affords 
us  a  ready  method,  possibly  the  only  method,  of  following 
these  changes,  which  are  of  sufficient  importance  to  merit 
further  study. 

Chicago,  July  10th,  1890. 


Art.  XXXVII. — A  Rapid  method  for  the  Detection  of 
Iodine^  Bromine^  and  Vhlorine  in  jprettence  of  one 
another;   by  F.  A.  Gooch  and  F.  T.  Brooks. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  College — V.] 

The  conditions  under  which  iodine  may  be  set  free  and  sepa- 
rated quantitatively  from  hydrochloric  and  hydrobromic  acid  by 
the  action  of  nitrous  acid  upon  the  acidulated  solutions  of  the 
haloid  salts  have  been  recently  studied  in  this  laboratory.* 
We  have  endeavored  in  the  work  which  is  here  described  to  so 
modify  the  quantitative  process  that  the  same  principles  of 
action  may  be  applied  rapidly  and  easily  to  the  qualitative  de- 
tection of  iodine,  bromine,  and  chlorine,  without  decreasing  to 
too  great  a  degree  the  delicacy  of  the  indications.  It  was 
found  in  the  work  referred  to  that  when  sulphuric  acid  is 
added  to  the  aqueous  solution  of  a  soluble  chloride,  bromide, 
and  iodide,  with  care  to  keep  the  proportion  of  acid  within 
certain  limits  and  the  dilution  of  the  liquid  sufficient,  no  very 

♦  This  .Toumal,  xxxix,  293,  and  xl,  145. 
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appreciable  volatilization  of  bromine  or  chlorine  takes  place 
during  the  complete  expulsion  of  the  iodine  by  boiling.  For 
the  quantitative  separation  of  the  iodine  of  0  5  grm.  of  potas&inm 
iodide  from  a  solution  containing  0*5  grm.  of  potassium  bromide 
and  0'5  grm.  of  potassium  chloride  it  was  found  best  to  use 
from  1  to  2  cm'  of  strong  sulphuric  acid,  and  to  introduce  into 
the  solution,  measuring  approximately  700  cm'  in  volume,  0'5 
grm.  of  potassium  nitrite,  or  its  equivalent  in  nitrons  fumes.  It 
IS  obvious  that  work  upon  this  scale  is  undesirable  in  rapid 
qualitative  testing.  For  such  purposes  it  is  not  a  matter  of 
moment  that  a  portion  of  the  substances  looked  for  escapes 
the  reaction,  provided  enough  is  left  to  furnish  the  indicatiOD 
sought.  We  planned,  therefore,  to  attempt  the  separation  of 
iodine  from  bromine  and  chlorine  by  applying  the  reaction 
just  mentioned  to  small  amounts  of  liquid  m  test-tubes,  in  the 
hope  that  the  known  losses  of  chlorine  and  bromine  under  the 
conditions  would  be  proportioned  to  the  strength  of  the  solu- 
tion, or  in  other  words,  that  when  the  amounts  of  bromine  and 
chlorine  were  very  small  they  would  escape  volatilization,  or 
that  when  large  a  sufficiency  would  remain  to  give  strong  test*. 

The  detection  of  the  iodine  is,  of  course,  simple.  We  chose 
for  this  purpose  the  reaction  with  sulphuric  acid  and  potassium 
nitrite.  If  the  amount  of  iodine  present  is  large  it  shows  at  once 
in  this  test,  and  the  same  portion  may  be  treated  further  to  sepa- 
rate the  iodine.  If  the  amount  of  iodine  is  small  it  may  be 
found,  as  usual,  by  shaking  the  liquid  with  chloroform,  or  car- 
bon disulphide  or  other  appropriate  solvent  for  iodine;  or, 
in  this  case  also,  the  portion  under  test  may  be  utilized,  if  it  i^ 
desirable,  for  the  separation  of  the  iodine,  and  for  the  detection 
of  this  element  recourse  may  be  had  to  the  exposure  of  red 
litmus  paper  to  the  fumes  of  the  boiling  solution  according  to 
methods  prescribed  in  the  work  referred  to  above  uj>on  tLe 
quantitative  separation  of  the  iodine, — the  paper  taking  on  a 
gray  blue  color  when  exposed  to  very  minute  traces  of  the 
vapor  of  iodine,  and  a  proportionately  deeper  color  as  the 
amount  of  iodine  increases.  After  the  iodine  is  separated,  bro- 
mine and  chlorine  are  easily  found  if  present.  We  selected  as 
the  most  available  method  for  detecting  bromine  the  action  of 
sodium  hypochlorite  upon  the  acid  solution  and  shaking  with  the 
proper  solvent.  For  the  detection  of  chlorine  we  make  use  of 
a  modification  of  th'i  well  known  chlorochromic  anhydride  test. 

As  a  preliminary  step  to  the  investigation  of  the  reliability 
of  our  method  of  separating  iodine  from  bromine,  tests  were 
made,  for  the  purpose  of  securing  definite  points  of  compari- 
son, upon  the  degree  of  delicacy  of  the  hypochlorous  acid  test 
for  bromine.  In  these  tests  measured  amounts  of  a  solution  of 
potassium  bromide  were  drawn  from  a  burett<3  into  test-tubes. 
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)ortion  were  added  a  few  drops  of  sulphuric  acid,  the 
s  diluted  with  distilled  water  to  the  level  of  a  mark 
tube  indicating  a  volume  of  10  cm*,  0*5  cm*  of 
OQ,  or  of  white  carbon  disulphide  were  introduced,  and 
5  was  shaken  after  the  addition  of  a  drop  of  a  dilute 
>f  sodium  hypochlorite.     The  results  of  these  tests  are 


\ : — 


n. 


Total 
Volume. 

10  cra.3 

10 

10 

10 

10 

10 

10 

10 

10 

5 

5 

5 

5 

5 

5 


Ratio  of  KBr 
to  total  volume. 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 


10000 

20000 

25000 

H3000 

50000 

100000 

100000 

140000 

140000 

12500 

16000 

25000 

50000 

70000 

140000 


Color  teat 
In  chloroform. 

Strong. 
Pronounced. 
Pronounced. 

Faint. 

Trace. 
Doubtful. 

None. 


Strong. 

Strong. 

Pronounced. 

Trace. 

None. 


Color  teat 

in  carbon 

diBalphide. 


Strong. 

Pronounced. 

Paint. 

Trace. 

Trace. 

Doubtful. 

Doubtful. 


Faint. 
Doubtful 


these  results  it  is  plain,  as  Fresenius  has  pointed  out, 
white  carbon  disulphide  is  the  more  sensitive  reagent, 
cy  of  the  test  extending  distinctly  to  one  part  in  fifty 
when  chloroform  is  the  solvent  for  bromine  and  to 
in  one  hundred  thousand  when  carbon  disulphide  is 

following  series  of  tests  the  bromide  was  subjected  to 
treatment  which  it  must  undergo  were  iodine  actually 
id  expelled  as  we  proposed.  To  the  solution  of  the 
n  a  test-tube  were  added  a  few  drops  of  dilute  sul- 
id  and  a  few  drops  of  a  solution  of  potassium  nitrite, 
id  was  boiled,  cooled,  and  treated  with  sodium  hy- 
i  as  in  the  former  tests,  excepting  that  even  after 
•r  some  time  it  was  found  to  be  necessary  to  introduce 
he  hypochlorite  than  before  to  overcome  the  nitrous 
ining  in  solution  and  to  set  free  the  bromine. 


n. 


Total 

Ratio  of  KBr 

Color  test  In 

V'olume. 

to  total  volume. 

Carbon  dlsnlphlde. 

10  cm.2 

1  :     10000 

Strong. 

10 

1:     20000 

Pronounced. 

10 

1:    25000 

Pronounced. 

10 

1  :    33000 

Faint. 

10 

1:    50000 

Faint. 

10 

1:  100000 

Doubtful. 

10 

1 :  140000 

None. 

5 

1  :    70000 

Trace. 
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Evidently  tlie  presence  of  nitrous  acid  and  the  treatment  bj 
boiling  do  not  interfere  seriously  with  the  delicacy  of  the  test 
The  experiments  of  the  following  series  were  made  similarly 
excepting  that  potassium  iodide  was  added  in  varying  amonnt 
to  the  solution  of  the  bromide.  In  these  tests  a  spiral  of  pla- 
tinum wire  was  introduced  into  the  test-tube  to  prevent  t<)0 
violent  ebullition,  and  at  intervals  during  the  boiling  the  nitrite 
was  added  in  solution,  drop  by  drop,  until  the  iooine  was  en- 
tirely expelled,  care  being  taken  to  add  a  little  more  sulphuric 
acid  toward  the  end  of  the  separation  to  ensure  completeDess 
of  action.  The  colorlessness  of  the  liquid  in  the  test-tobe  after 
this  treatment  is  a  fair  indication  of  the  entire  expulsion  of 
iodine,  but  when  large  amounts  of  bromide  are  present  free 
bromine  will  color  the  liquid.  Salts  of  iron  or  other  substauces 
which  possess  color  naturally  interfere  likewise.  In  such  cases, 
and  indeed  in  all  cases,  the  action  of  the  escaping  steam  upon 
red  litmus  paper  is  decisive.  In  the  experiments  here  recorded 
this  test  was  applied  to  determine  the  absence  of  iodine  frum 
the  liquid.  The  residue  after  the  expulsion  of  the  iodine  was 
treated  as  usual  with  sodium  hypochlorite  and  shaken  with 
carbon  disulphide. 


KI 

KBr 

Total 

Ratio  of  KBr 

Color  In 

taken. 

taken. 

Volnme. 

to  total  Tolame. 

Carbon  dlaolpliklc. 

O-IOOO  grm. 

000 10  grm. 

10  cm.* 

1:     10000 

PronouDoed. 

0-1000 

00004 

10 

1  :    25000 

PronouDCCil. 

01000 

00003 

10 

1  :    33000 

Pronounced. 

0-1000 

0-0U02 

10 

1:    50000 

Faint. 

0.1000 

0-0002 

10 

1:    50000 

Faint. 

0.1000 

00001 

10 

1:  100000 

None. 

0-0500 

o-(»oor> 

10 

1:    20000 

Pronounced. 

0-0400 

00004 

10 

I:    26000 

Pronounced. 

00300 

0-0003 

10 

1  :    33000 

Pronounced. 

0-0200 

0-0002 

10 

1  :    50000 

Faint 

0  0100 

00001 

10 

1: 100000 

None. 

01000 

0-00007 

0 

1  :    70000 

Trace. 

0-0070 

0-00007 

0 

1:    70000 

Trace. 

These  results  indicate  obviously  that  although  the  bromine 
is  volatilized  to  some  extent  with  the  iodine  it  is  nevertheless 
the  case  that  the  proportionate  amount  of  bromine  removed  is 
dependent  upon  the  absolute  amount  present,  and  that  enougb 
bromine  always  remains  to  permit  correct  inference  as  to  tne 
quantity  originally  present,  the  color  test  being  more  or  less 
marked  according  as  much  or  little  bromide  was  in  the  solution 
at  the  start.  The  delicacy  of  the  test  is  a  trifle  less  than  that 
in  which  the  bromide  is  alone  present  and  not  subjected  to  the 
treatment  which  we  employ  to  remove  iodine,  but  the  detection 
of  one  part  of  potassium  bromide  in  flfty  thousand  is  certain, 
and  that  of  one  part  in  seventy  thousand  possible.  It  appears, 
furthermore,  that  the  increase  in  the  amount  of  iodine 
present  is  without  effect  upon  the  sensitiveness  of  the  test;  for 
the  bromine  in  0  00007  grm.  of   potassium  bromide  was  as 
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'  fonnd  in  the  residue  remaining  after  the  expulsion  of 
>dine  from  0*1  grm.  of  potassium  iodide  as  in  that  left 
the  expulsion  of  the  iodme  from  0*0070  grm.  of  the  same 
md  the  indications  in  the  experiments  in  which  the  ratio 
e  iodine  to  the  bromine  remained  the  same  while  the  ab- 
3  amounts  of  both  varied  are  precisely  the  same  as  those 
e  experiments  in  which  the  maximum  amount  of  iodine 
ined  unchanged  throughout  the  variations  in  the  amount 
omide  used.  The  niaximum  amount  of  potassium  iodide 
oyed  in  these  tests  was  01  gnn.,  but  there  is  no  reason  to 
)8e  that  this  amount  is  not  far  below  the  maximum  which 
be  successfully  handled  in  this  process, 
r  the  detection  of  chlorine  we  modified  the  well-known 
ochromic  anhydride  process  so  that  the  distillation  may  be 
rmed  in  an  ordinary  test-tube.  The  substance  to  be  tested 
solid,  placed  in  a  large  test-tube — 15°"  X  2^  is  a  good  size 
1  treated  with  sulphuric  acid  and  potassium  dichromate  in 
lanner  to  be  described.  The  substance,  if  a  liquid,  is  ren- 
l  alkaline,  if  necessary,  by  sodium  carbonate  and  evapo- 

to  dryness  in  the  test-tube  with  care  to  remove  all  mois- 
from  the  sides  of  the  tube.  This  operation  is  effected 
mi  trouble  if  the  tube  is  inclined,  as  much  as  is  possible 
>at  spilling  the  liquid,  and  agitated  continually  while  the 

is  appliea  to  the  iiigher  parts  The  evaporation  effected, 
e  powdered  potassium  dichromate  is  introduced  through 
nel  with  care  to  prevent  its  touching  the  upper  parts  of 
ibe,  two  or  three  cubic  centimeters  of  strong  sulphuric 
ire  added,  and  a  trap  consisting  of  a  straight  two-bulbed 
g-tube  cut  off  about  an  inch  from  the  large  bulb  is  hung 
i  mouth  of  the  test-tube,  the  precaution  having  been  first 

to  moisten  the  interior  of  the  bulbs  with  water  without 
ag  the  wide,  straight  portion  which  hangs  within  the  test- 
If  a  chloride  is  present  the  evolution  of  chlorochromic 
Iride  begins  as  soon  as  this  sulphuric  acid  touches  the  dry 
n  the  bottom  of  the  tube,  and  gentle  heating,  with  a  little 
ion,  quickly  completes  the  evolution  of  the  chlorine  com- 
1.  It  is  the  function  of  the  moisture  in  the  bulbs  to  de- 
ose  the  fumes  of  the  chlorochromic  anhydride  and  to  re- 
he  chromic  acid  thus  produced.  When  more  than  a  mere 
of  chlorine  is  present  the  yellow  drops  produced  in  the 
gned  bulbs  are,  in  the  absence  of  a  bromide,  sufficiently 
.tive  of  the  presence  of  chlorine  in  the  original  substance, 
le  delicacy  of  this  test  is  much  increased  by  washing  out 
libs  with  a  little  distilled  water  and  adding  to  the  solu- 
is  Wiley  recommends,*  a  few  drops  of  a  solution  of  lead 
e,  which  precipitates  the  yellow  chromate  or  intensifies 
Jor  of  the  solution  according  to  the  amount  of  chromic 

*  Am.  Chem.  Jour.,  ii,  248. 
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acid  acting.  It  often  happens,  when  the  temperature  of  the 
liquid  in  the  test-tube  rises  a  little  higher  than  need  be,  thit 
fumes  of  sulphuric  acid  pass  into  the  bulbs  to  such  an  extent 
as  to  produce  a  white  precipitate  of  lead  sulphate  when  Hie 
lead  acetate  is  sub8e(][uently  added.  In  such  cases  the  lead  solr 
phate  is  easily  dissolved  by  the  addition  of  a  little  ammcmic 
acetate  in  saturated  solution,  an'd  gentle  heating,  and,  on  cock- 
ing, the  yellow  chromate  is  either  precipitated  or  simply  colon 
the  liquid.  It  is  advisable,  however,  as  our  experience  proved, 
not  to  employ  more  of  the  ammonic  acetate  than  the  oocasioii 
requires,  as  it  undoubtedly  exerts  some  solvent  action  upon  the 
lead  chromate  as  well  as  upon  the  sulphate. 

We  proceeded  to  test  in  the  manner  described  the  appliei- 
bility  of  this  process  by  first  testing  the  action  apon  solntioni 
of  pure  potassium  chloride. 


:C1  taken. 

Final  volame. 

Reaction  obtained. 

0-0030 

5rai8 

Marked  pfecipitatioD, 

0-0020 

5 

Marked  precipitadon. 

00010 

5 

DifltiDCt  precipitation, 

0-0005 

5 

Distinct  color. 

00004 

5 

Faint  color. 

00003 

6 

Faint  color. 

0-0O02 

5 

Faintest  color. 

00001 

5 

DoubtftiL 

00001 

5 

None. 

0-0001 

5 

None. 

It  appeal's,  therefore,  that  the  chlorine  in  0*0005  grm.  of  potas- 
sium chloride  is  found  certainly,  and  that  indications  of  chlo- 
rine in  amounts  of  the  chloride  ranging  as  low  as  0*0002  gnn. 
are  fairly  evident  in  tests  made  upon  the  pure  substance  taken 
in  solution,  evaporated,  and  treated  as  described. 

The  effect  of  submitting  the  solution  of  the  chloride  contain- 
ing also  a  known  amount  of  potassium  iodide  to  the  process 
previously  descril)ed  for  liberating  the  iodine,  of  then  neutral- 
izing the  solution  with  sodium  carbonate,  evaporating  to  dryness, 
and  treating  with  sulphuric  acid  and  potassium  dichromate,  is 
shown  in  the  following  record.  Tlie  potassium  iodide  used  in 
these  tests  was  prej)ared  free  from  chlorine  by  the  action  of 
resubiimed  iodine  upon  iron  wire  and  subsequent  treatment 
with  jnire  ])ota6sium  carbonate.  Tlie  nitrite  was  freed  from 
chlorine  by  adding  to  its  solution  a  little  silver  nitrate,  faintly 
ac'idnhiting  with  nitric  acid,  and  iiltering  off  the  chloride  pre- 
cipitated with  a  small  amount  of  the  nitrite. 


KI  tAkt'D. 

KCl  taken. 

Final y 

roluin(\ 

Reaction  obtained. 

O'l  grm. 

00020  ^vm. 

5 

cm." 

DIatiuct  precipitAtion. 

0-1 

0-00 10 

f) 

Distinct  color. 

01 

0  0005 

5 

Faint  color. 

01 

0-0004 

5 

Faint  color 

0-1 

.  (rooo:j 

f) 

Faintest  color. 

01 

0-0002 

5 

Faintest  color. 

01 

00001 

5 

None. 
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The  distinctness  of  the  color  obtained  in  this  process  seems 
to  be  diminished  a  little  by  the  process  of  liberating  the  iodine, 
bat  the  lowest  reach  of  the  test  is  not  very  materially  different 
from  that  made  upon  the  pure  chloride.  In  the  following  sim- 
ilar tests  made  with  mixtures  containing  beside  the  chloride 
potassium  bromide  alone,  or  the  bromide  as  well  as  iodide,  the 
phenomena  observed  were  the  same,  excepting  that  the  fumes 
of  the  bromine  evolved  when  much  bromide  is  present  rise 
with  the  chlorochromic  anhydride  and,  dissolving  in  the  film 
of  moisture  in  the  trap,  give  to  it  their  own  characteristic  color, 
and  so  obscure  the  effect  of  chromic  acid.  In  these  experi- 
ments, therefore,  the  washings  of  the  bulbs  were  first  rendered 
faintly  ammoniacal  and  gently  heated  to  destroy  the  free  bro- 
mine, and  then  the  solution  was  acidified  with  acetic  acid  and 
tested  as  described  with  lead  acetate  and  ammonium  acetate. 

KI  taken.  KBr  taken.  KCl  taken.       Final  rolame.        Keaction  obtained. 

—  0*1  grm.  0*0030  grm.  5  cm.'  Marked  precipitation. 

—  0-1  00020  6  Distinct  precipitation. 

—  01  0-0010  5  Distinct  color. 

—  01  00005  5  Faint  color. 

—  01  00005  5  Faint  color. 

—  01  00004  5  Faintest  color. 

—  0-1  0-0003  6  Doubtful  color. 

—  0-1  00002  5  Doubtful  color. 

—  0-1  0-0001  5  None. 

O-l  grm.         0-1  0-0010  5  Distinct  color. 

01  01  0-0010  5  Distinct  color. 

01  01  0-0010  5  Distinct  color. 

The  evolution  of  considerable  amounts  of  bromine  appears, 
therefore,  to  diminish  the  delicacy  of  the  test  in  some  degree, 
but  0*0005  grm.  of  chlorine — the  amount  in  0*00 10  grm.  of  po- 
tassium chloride — is  indicated  unmistakably  in  the  presence  of 
O'l  grm.  of  potassium  bromide,  and  01  grin,  of  potassium 
iodide,  and  the  test  may  probably  be  relied  upon  to  show  half 
that  amount  of  chlorine.  The  potassium  iodide,  as  already 
mentioned,  was  specially  prepared  for  the  work,  and  contained 
in  the  amounts  which  we  used  no  recognizable  trace  of  chlorine. 
The  potassium  bromide  contained  of  chlorides  enough  to  show 
an  indication  in  0  5  grm.  of  the  salt.  We  were  unable  to  find 
the  chlorine  in  0*2  grm.  of  the  salt,  and  so  considered  it  safe 
to  employ  half  this  latter  amount  in  our  experiments  as  being 
suflSciently  free  from  chlorine  for  the  purpose. 

The  process  which  we  propose  for  tlie  rapid  qualitative  de- 
tection of  the  halogens  in  presence  of  one  another  may  be  sum- 
marized briefly,  as  follows : 

To  detect  iodine,  the  solution  of  the  substance  under  exami- 
nation is  acidulated  with  dilute  sulphuric  acid  and  treated  with 
a  drop  or  two  of  a  solution  of  sodium  or  potassium  nitrite  free 
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from  chlorine.  Unless  the  amount  present  is  small,  the  iodine 
shows  itself  in  the  color  of  the  solution  and  in  the  vapK)rs  which 
escape.  Small  amounts  may  be  found  by  shaking  the  liquid 
with  carbon  disulphide  in  the  usual  manner,  or,  when  economy 
of  material  is  desirable,  by  gently  heating  the  prepared  solu- 
tion and  testing  the  escaping  fumes  with  red  litmus  paper, 
thus  utilizing  the  same  portion  of  material  for  the  detection  of 
the  iodine  and  for  its  separation  preparatory  to  testing  for 
bromine  and  chlorine. 

To  remove  the  iodine  previous  to  making  the  tests  for  bro- 
mine and  chlorine,  a  few  drops  of  dilute  sulphuric  acid  and  a 
like  amount  of  a  dilute  solution  of  sodium  or  potassium  nitrite 
(prepared  free  from  chlorine  as  described)  are  added  to  the  solu- 
tion of  the  substance  in  a  test-tube,  and  the  liquid  is  boiled 
with  constant  agitation.  When  the  color  of  iodine  disappears 
from  the  fumes  and  the  solution,  a  drop  or  two  more  of  sul- 
phuric acid,  and  of  the  nitrite,  are  again  added,  and  the  boilin? 
IS  repeated.  When  the  escaping  steam  no  longer  gives  to  rea 
litmus  paper  the  characteristic  gray  blue  color  due  to  the 
action  of  iodine,  the  process  of  separation  is  complete. 

A  portion  of  the  solution  thus  prepared  is  tested  for  bromine 
by  cautiously  adding  a  dilute  solution  of  sodium  hypochlorite 
and  shaking  with  colorless  carbon  disulphide. 

The  test  for  chlorine  is  made  in  a  second  portion  of  the  sohi- 
tiou  from  which  the  iodine  has  been  removed.  The  liquid  is 
neutralized  with  sodium  carbonate  or  hydrate  free  from  chlo- 
rinc,  evaporated  to  dryness  in  a  test-tube  and  treated  as  de- 
scribed with  sulphuric  acid  and  potassium  dichromate,  tlie 
fumes  of  the  chlorochromic  anhydride  which  arise  on  gentle 
warming  being  condensed  and  converted  to  chromic  acid  by 
the  film  of  moisture  upon  the  interior  walls  of  the  trap. 
The  trap  is  washed  out  with  a  very  little  distilled  water  (5  cm.* 
are  enough),  and  the  washings  made  slightly  ammoniacal  to  de- 
stroy free  bromine,  if  necessary,  and  after  gentle  warming 
afijain  acidified,  are  tested  with  lead  acetate.  If  the  yellow 
cliromate  is  precipitated  the  presence  of  chlorine  in  the  origi- 
nal substance  is  proved.  If  the  precipitate  is  white,  as  is  very 
likely  to  be  the  case,  a  few  drops  of  a  saturated  solution  of 
ammonium  acetate  are  added  with  caution,  and  the  whole  is 
gently  warmed  to  dissolve  the  white  sulphate.  On  cooling  the 
solution  and  shaking  (or  immediately  if  much  chromic  acid  has 
been  formed),  the  yellow  chromate  falls,  or  gives  color  to  the 
solution  according  as  the  chloride  was  originally  present  in 
large  or  small  amount 

The  process  is  rapid  and  sufficiently  exact  for  qualitative 
testing  in  general. 
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IT.  XXXVIII. — Metacinnabarite  from  Neio  Almaden^  Cah- 

ifornia ;  by  W.  H.  Melville. 

An  excellent  specimen  of  metacinnabarite  was  recently 
ind  in  the  quicksilver  mine  at  New  Almaden,  Santa  Clara 
>anty,  California,  and  a  portion  of  it  was  given  me  for  ex- 
lination.  Metacinnabarite  was  never  before  known  to  occur 
these  deposits,  although  in  neighboring  cinnabar  localities 
9  amorphous  mineral  nas  been  met  with.  This  specimen 
Ties  finely  developed  and  brilliant  crystals  which  are  admir- 
It  adapted  for  measurement  on  the  goniometer. 
In  the  ore  seam  where  cinnabar  has  been  deposited,  there 
pears  an  argillaceous  mass  which  has  resulted  from  sediments 
rived  from  the  decomposition  of  the  country  rock  by  sol- 
aric  action.  This  mass  is  not  homogeneous  but  consists  of 
»y  and  green  particles,  the  former  evidently  a  mixture  of 
y  and  partially  decomposed  rock  constituents  with  a  small 
lount  of  carbonates,  the  latter  a  silicate  the  composition  of 
lich  is  shown  in  the  following  analysis. 

Analysis  of  the  Green  Silicate. 

SiO, 67-59 

Cr,0, 5-31 

Y^fi\\  ''-'' 

NiO 4-57 

CaO 0-73 

MgO 7-84 

Alkalies very  little 


9J:^-28 

[n  justice  to  these  figures  it  should  be  said  that  only  0'1225 
ira  of  substance  could  be  obtained  in  suflScient  purity  for 
idy,  and  the  little  impurity  which  this  sample  contained 
aid  not  be  removed  bv  Thoulet's  solution ;  also  alkalies  could 
t  be  determined. 

Throughout  this  sheet  of  soft  argillaceous  matter,  or  selvage, 
ge  quantities  of  metallic  quicksilver  easily  seen  by  the 
ked  eye  are  distributed,  and  bright  red  cinnabar  often  deeply 
loring  small  areas  of  quartz  has  crystallized.  Cinnabar  is 
ind  mainly  deposited  on  this  selvage — on  the  specimen  at 
nd  about  an  inch  thick — intimately  mixed  with  quartz,  thus 
•ming  a  hard  compact  mass  upon  which  have  grown  cinnabar 
rstals,  and  these  in  turn  are  coated  with  minute  quartz  crys- 
8,  To  this  quartz  the  acute  apex  of  the  metacinnabarite 
^stal  is  attached  and  consequently  is  always  broken.     The 
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Seneeis  of  this  inetacinDabarite  wa£  certainly  subseqaent  to  the 
eposition  of  the  cinnabar,  and  groups  of  nat  rhombohedrooft 
of  white  semi-transparent  calcite  appear  to  have  formed  at  the 
same  time.  Crystallized  dolomite  is  common  amon^  the  (»» 
of  New  Almaden  and  to  this  a  fibrons  silicate,  nndonbtedly 
chrjsotile,  lirmly  adheres.  Fine  bluish  opal  and  oocasiond 
spangles  of    pyrite  complete  the  list  of  associated  nunerals. 

One  other  brittle  substance  was  discovered  while  picking 
out  metacinnabarite  for  analysis.  It  forms  almost  perfect 
spheres  of  a  brilliant  black  color,  which  volatilize  at  a  high 
temperature  in  yellowish  vapor  with  a  strong  bitaminous  odor. 
The  substance  is  organic  matter  and  curiously  mercury  does 
not  enter  into  its  composition.  These  spheres  can  be  detected 
under  the  microscope  imbedded  in  the  faces  of  the  crystals  of 
metacinnabarite  (lig.  2.)  and  some  were  obtained  by  sharply 
rapping  the  specimen. 

The  rather  low  specific  gravity  of  metacinnabarite  is  thne 
accounted  for  in  part  Again  the  presence  of  minute  particles 
of  quartz  was  unavoidable,  and  therefore  the  given  value  was 
also  infiucnced  to  a  slight  extent  by  this  cause.  The  crystals 
used  for  the  determination  of  the  specific  gravity  contained 
far  less  impurity  than  is  recorded  in  tne  analysis  which  follows. 
The  specific  gravity  was  in  two  cases  7'095  and  7*142,  or  mean 
=  7*118  almost  identical  with  that  of  guadalcazarite,  7*15. 

Analysis  of  Metacinnabarite. 

At.  Batio. 

S 13-68  0-856 

Hg 7801        S  corre8ponding=  12-48 %  0-7801 

Pe 0-61  0-34  00218] 

Co trace  L-cio 

Zn 0-90  0-44  00277  [" 

Mn 0  15  0-09  0-0054J 

CaCO, 0-71  13.35 

Residue,  quartz 457        S  found 13*68 

Volatile  organic  matter 0*63 

99-26 

For  analysis  0*6237  gram  of  substance  was  available,  and 
both  the  qualitative  and  quantitative  study  proceeded  contem- 
poraneously. The  small  errors  of  analysis  are  distributed 
between  the  sulphur  and  organic  matter,  where  the  sulphur  is 
as  usual  a  trifle  too  high  An  uncertainty  naturally  exists  in 
the  determination  of  the  organic  matter.  Selenium  was  looked 
for  but  its  presence  failed  to  be  established. 

The  crystals  belong  to  the  rliombohedral  system  (Miller)  and 
consist  of  tw^c)  poles  differently  modified.  The  following 
forms  were  observed  : 
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Analot^ue  Pole, 

Miller  Bravato-Miller.  Xaamann. 

ih  klm) 

plane «{ni)  MOOOl)  c:»a:  oca:  ooa 

ve  hemi-rhorabohedroD  . . .  k'100)  k(1I01)  c:  a:  a:  oca 

tive  rhombohedron k(332)  K(0a54)  S<^ :  oo  :  1  :  1 

-scalenohedron k{2]I)  /c(1322)  Jc:3:1:} 

Analogue  Pole. 

dve  hemi-rhorobohedron...  /f(33,  17,  17,)    /c(60,  50,  0,  T)     50c:  1  :  I  :  oo 

•scalenohedron <31,  I'l,  l5  )     /c(48,  4G,  2,  1)     48c :  I  :  }^:  24 

-acalenohedron k(26.  Io,  '12  )     k(41.  3«,  3,  1)     41c  :  1  :  i| ;  V 

gfleof  axea(Miller)=ll8'  IT  20" 
ial  ratio  c:a  =  0*2372 :  1  (Naumann). 


Measurements, 


Meaeored. 

15'  19' 

26  29 
4     15 

94    10 

94    31 

94  42 
119    28 

2  6 

3  55 

Fig.  1. 


Calcalated. 


94"  10' 36' 

94  33 

95  17 
119    28 


Fig.  2. 


lU^lOO  = 

100/.  010 

100^211 

111  .>33,  17,  17 

111  .v31,  l7,  15 

111  /.26,  l5,  I2 
33,  17,  l1  ^  17,  33,  11 
33,  1^.  17.^31,  17,  15 
33,  17,  17^26,  Io,  12 

*he  poles  of  the  scalenohe- 
08  in  the  negative  hemi- 
ere  almost  belong  in  the  zone 
les  passing  through  any  two 
38  of  the  negative  rhombo- 
ron,  therefore,  as  shown  in 
figures  the  planes  of  the  for- 
•  do  not  exactly  bevel  the 
oinal  edges  of  the  latter. 
e  faces  of  the  former 
>,  13, 15)  are  tectonic  and  con- 
.  series  of  re-entering  angles 
2)  which  indicate  the  build- 
up of  that  portion  of  the 
ital  rather  than  twinning, 
erwise  striations  are  absent,  and  owing  to  the  brilliancy  of 
plane  surfaces  sharp  reflections  of  the  signals  on  the  goni- 
jter  were  obtained.  Fig.  2  was  drawn  with  the  aid  of 
8-hair  and  graduated  stage  of  tlie  microscope  and  in  such 
tion  that  the  face  (33, 17, 17)  is  parallel  to  the  plane  of  pro- 
ion.  The  following  plane  angles  were  read:  a=86°  20', 
S2''45,  7'=39,  5=85^  30',  ;y=24".  The  relations  of  these 
les  with  the  elements  of  the  crystal  have  not  been  made 
With  the  exception  of  x(332)  all  the  observed  forms  are 
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represented  in  fig.  1,  and  actually  occur  on  one  crystal  with 
equal  regularity.  Fig.  2  is  the  combination  of  x(lll)  with  the 
plains  of  the  antilogue  pole  tabulated  above.  The  distances  of 
the  poles  of  all  the  rhombohedral  faces  from  the  pole  of  (111) 
were  measured  on  the  same  crystals  and  no  doubt  can  possiblj 
exist  as  to  the  system  of  crystallization.  Viewed  as  they  are 
implanted  on  the  rock,  the  crystals  present  much  similarity  to 
tetrahedrons,  but  examination  shows  that  the  face  of  the  na- 
tive rhombohedron  in  combination  with  the  basal  plane  forms 
an  isosceles  and  not  an  equilateral  triangle.  Be6ide8_  the 
measured  angle  /9=82°  45'  the  plane  acute  angle  of  (33, 17,  Vt) 
=  14°  29'  40^'  was  calculated  from  the  fundamental  angles. 
The  crystals  vary  in  length  from  1-24'"*"  to  2*3""*  and  in  width 
from  O'SO"""'  to  0*97'""' ;  possess  a  high  metallic  luster,  black 
color,  black  streak  with  slight  reddisn  tinge ;  are  brittle  with 
hardness  about  2  ;  and  give  the  reactions  for  zinc  and  sulphide 
of  mercury. 

This  mineral  I  consider  metacinnabarite  since  the  atomic 
ratios  give  a  very  improbable  formula.  Its  specific  gravity  is 
much  below  that  given  to  the  species  by  Mr.  G.  E.  Moore* 
7'70— 775  for  the  reasons  stated  above.  On  the  other  hand  its 
somewhat  close  resemblance  to  ^^nadalcazaritef  in  chemical 
and  physical  properties — for  Castillo  mentions  rhombohedral 
crystals  of  this  nnneral — might  point  to  its  identity  with  this 
species.  But  it  nmst  be  acknowledged  to  be  metacinnabarite 
in  com]K)sition  with  a  small  percentage  of  impurity  of  other 
sulphides  such  as  would  be  naturally  expected  on  precipitation 
and  crystallization  from  solution.  Again  the  crystals  of 
metacinnal)arite,  many  of  which  I  have  examined  from  local- 
ities in  California  as  far  back  as  1882,  are  very  indefinite  and 
although  they  appear  to  be  rough  cubo -octahedrons,  might 
really  consist  of  the  combination  of  basal  plane  and  rhombo- 
hedron. Mr.  S.  L.  Pentield:}:  has  described  metacinnabarite 
crystals  from  California,  and  determines  them  to  be  hemihe- 
dral  isometric  forms.  One  measurement  is  there 'given,  viz: 
32l^/s8:iji_~8H°  54i-'_(inean  of  three)  which  approximates  the 
angle  (1 11)^(38,  17,  lT)  =  85''  50',  the  supplement  of  which 
appears  in  the  tal)le  above.  It  is  possible  that  these  two  planes 
may  form  the  conilnnation  I  have  indicated.  No  angle  occurs 
on  crystals  in  mv  possession  near  that  of  211  y^  11 2=33^  15' to 

*.■  %/       X 

3f)°  54'  which  Mr.  Pentield  found.  It  is  barely  probable  that 
metacinnabarite  is  dimorphous.  If  it  should  happen  that  bril- 
liant crystals  of  metacinnabarite  from  the  Knoxville  quick- 
silver  district  should  be  found,  I  firmly  believe  that  their  habit 

*  Dana's  Mineralogy,  A  pp.  I,  10.  f  Ibid,  App.  IT.  25. 

X  This  Journal,  June.  1885,  p.  452. 
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id  be  reconciled  with  the  symmetry  of  the  crystals  from 
V  Almaden,  the  southern  district. 

\,  is  through  the  kindness  of  Mr.  Waldemar  Lindgren  of 
U.  S.  Geological  Survey  and  Mr.  F.  Von  Leicht,  the  super- 
ndent  of  the  New  Almaden  quicksilver  mines,  that  the 
erial  was  available  for  this  study. 

boratory  U.  S.  Geological  Survey,  Washington,  D.  C,  June,  1890. 


r.  XXXIX. — On  the  Keokuk  Beds  at  Keokuk^  loioa  ;  by 

C.  H.  Gordon. 

'he  exposed  area  of  the  Keokuk  Beds  is  nowhere  extensive, 
jir  relations  to  the  adjoining  beds — the  Burlington  below 
the  St.  Louis  above — are  everywhere  marked  by  strict 
formity,  their  separation  being  based  solely  upon  litholoei- 
and  faunal  distinctions.  Of  these,  the  faunal  characteris- 
especially  are  of  such  a  nature  as  to  mark  this  formation 
one  of  the  most  important  of  the  Lower  Carboniferous 
np.  The  exposure  at  Keokuk  is  limited,  being  entirely  due 
he  erosion  of  the  Mississippi  river  and  its  small  tributaries. 
•ng  the  borders  of  these  the  limestone  of  the  lower  division 
ally  presents  a  bold  and  smooth  escarpment. 
>ut6ide  of  the  Keokuk  region  where  the  beds  were  first 
lied,  the  most  notable  exposures  occur  at  Crawfordsville, 
iana,  and  in  southwestern  Missouri.  At  the  former  locality 
Y  are  280  feet  thick  with  a  distinctively  crinoidal  and  mol- 
»n  fauna.*  In  Missouri  they  contain  valuable  deposits  of 
L 

'he  general  dip  toward  the  south  and  west  carries  these  beds 
n  sight  just  below  the  mouth  of  the  Des  Moines,  but  a 
nge  of  dip  again  brings  them  to  view  in  the  vicinity  of 
Incy,  III.,  and  at  other  places  to  the  south.  In  some  cases 
ir  appearance  is  due  to  faulting. 

Lt  Keokuk  these  beds  consist  of  two  well-defined  divisions 
he  Lower  or  Calcareous  and  the  Upper  or  Geode  division. 

II.    Geode  Bed  or  Division. 

Fine,  blue  sandy  layer.  Crinoid  bed  No.  3.  Resem- 
bles the  arenaceous  layers  of  the  crinoid  bed  at  Craw- 
fordsville, Ind.  Seldom  seen.  Seventeen  sj^ecies  of 
Poteriocrinidcp,  Batocrinus  lagimcidtts  Hall,  7i.  inter- 
medius  W.  and  S.,  B.  similis  Hall,  B.  origiiiarius  W. 
and  S.,  B.  rnufululus  Hall,  Taxocrinus  Wortheni  Hall. 
Thickness 6  in. 

*  American  Geologist,  vol.  il,  p.  407. 

M.  JouK.  Sci.— Third  Series,  Vol.  XL.  No   238.— Oct.,  1890. 
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12.  Soft,  gritty  shale,  readily  decomposing  on  exposure  to 
atmospheric  influences.  Filled  with  gcodes  varying  in 
size  Irom  one  to  four  inches  in  diameter.     Thickness..  15 ft. 

1 1.  Shales,  more  calcareous,  with  occasional  bands  of  lime- 
stone.    Geodes  fewer  but  larger.     Thickness 20ft, 

10.  Limestone,  hard,  in  thin  variable  layers.     Thickness 2ft. 

9.  Dark    blue    argillaceous    shale.      Contains    no    geodes 

Thickness 2ft. 

I.   Calcareotis  Division. 

8.  Limestone,  light  jxray,  changing:  to  light  brown  or  yellow 
on  exposure.  Crinoid  bed  No.  2,  sometimes  called  the 
Dorycrinus  bed.  Batocrimts  NashviUm  Troost,  B. 
hitnrbiniUua  Hall,  Donjcrinns  Miasissippieusis  Rcemer, 
Agaricocrinus    Wortheni  Hall.     A.  AmericanuSy  var. 

?  Barrycrinu8  taiuidus  Hall,  Archimedes   (heeni- 

a;m  Hall,  etc.     Thickness 1  to  2ft. 

Lenticular  layers^  proUjic  in  crinoids^  are  sometitnes  found  ih- 
tercalated  beticeen  7  and  8. 

7.  Hard  blue  limeslone;  layers  thin.     Thickness 3  to  5  fl 

6.  Heavy  dark  blue  limestone  with  nodules  of  chert.     Fish 

bed  No.  2.     Thickness 2  to  4  ft 

5.  Blue  subcrystalline  limestone  in  layers  6  to  12  inches 
thick,  alternating  with  similar  layers  of  shales.  Single 
valves  and  casts  of  Spirifer  Keohik  Hall,  abundant 
Thickness *. 8  to  15  ft. 

4.  White  or  light  gray  massive  limestone  called  White 
Ledge  by  the  quarrynien.    Fish  bed  No.  1.    Thickness.  4ft. 

At  this  point  the  j)artings  frecpiently  contain  criuoids,  while  in 
some  places  a  thin  crinoMal  layer  is  lound  resting  upon  the  roll- 
ing cherty  surface  of  the  layer  below.  Actinocrinus^  Agtmco- 
criniiJi  Anierif'ftnuft  Rdjiner,  Bfirt/crinus  magister  Hall,  etc. 

3.  Im|)ure  shaly  limestone  with  occasional  bands  of  chert 
Contains  pockets  of  calcite  in  large  beautiful  crystals. 
Thickness 6ft. 

2.  Lisxht  «j:rav  (M)nn>arativelv  soft  limestone.  Crinoid  bed 
Xo.  1.  Species  nuTuerous.  Agaricocrinus  Americamts 
Ra-rner,  also  two  varieties.  Actinocrinus  pemodosm 
Hall,  A,  Loire  I  Hall,  Baforrinus  laguncidus  Hall, 
Pldti/crinns  SajfonJi.     Thickness 6  in.  to  1  ft. 

1.  Massive  blue  or  drab  subcrystalline  limestone.  Occa- 
sional specimens  of  fish  teeth  belonging  to  the  genus 
Chitonodns.     Thickness 3  ft. 

The  parting  between  this  and  the  beds  below  filled  with  stems 
and  joints  of  Euclad(>rrinus. 

Transition  Beds, 

Limestone  in  thin  layers;  cherty.  Thickness  exposed  6  ft. 
Platyceras  Jissurella  Hall,  P.  efjuilatern  Hall,  PcUcscis  obtusus  3L 
and  W.,  Batocrinus  planodiscns  H.,  etc. 
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The  Calcareous  division  consists  of  forty  to  sixty  feet  of 
[mestoue  in  layers  varying  from  three  inches  to  four  feet,  and 
eparated  by  one  to  six  inches  of  clay  or  shale  partings.  The 
hicker  beds  and  those  furnishing  the  best  building  stone 
Kscur  in  the  lower  portions  of  the  division.  One  of  these  (No. 
I),  a  very  pure  white,  subcrystalline  layer  from  three  to  four 
feet  thick,  called  the  White  Ledge  by  the  quarrymen,  supplied 
;lie  stone  for  the  noted  Mormon  temple  at  Nauvoo.  Another 
lower  bed,  separated  from  the  White  Ledge  by  six  feet  of 
jhale  and  rotten  limestone,  sometimes  furnishes  an  equally 
^6d  if  not  better  stone  for  general  use.  Below  this  the  layers 
)f  the  transition  beds  are  thm  and  abound  in  chert. 

Cherty  bands  occur  at  various  intervals  throughout  the 
livision.  They  have  a  concretionary  structure,  and  vary  in 
olor  from  a  dark  drab  to  white,  though  usually  more  or  less 
aottled.  They  are  sometimes  Quite  prominently  discolored 
y  included  fossil  fragments.  The  limestone  layers  often 
ecome  cherty  above  with  an  uneven  rolling  surface.  The 
lore  important  chert  masses  have  the  general  appearance  of  a 
sdimentary  deposit.  Nodular  masses,  however,  frequently 
ccnr  in  various  forms  in  the  limestone  beds.  In  some  cases 
lie  siliceous  material  is  distributed  about  some  fossil  fragment. 
Q  others  they  present  the  appearance  of  having  taken  the 
lace  of  a  cavity  in  the  stone.  The  surface  of  contact  is  often 
istinct,  the  chert  separating  freely  from  the  limestone,  but 
djacent  parts  of  the  latter  are  more  or  less  altered  to  a  cherty 
ondition.  These  nodules  have  an  eel-like  form  with  often 
ne  or  more  bends  and  are  not  always  parallel  to  the  plane  of 
•edding.  A  section  shows  a  mottled,  grayish  white  chert  on 
be  outside  distributed  in  bands  about  an  inner  core  of  granu- 
ir  material  made  up  principally  of  fossil  fragments  in  a  com- 
ainuted  condition. 

The  chert  beds,  aggregating  forty  feet,  which  immediately 
mderlie  this  division  were  included  in  it  in  Hall's  Report*  but 
nbsequently  removed  to  the  Burlington  by  White.f 

The  appearance  of  these  bands  of  chert  at  varying  inter- 
als  from  the  Lower  Burlington  to  the  St.  Louis  limestone 
uclusive  has  been  commented  upon  by  White,  though  no 
xplanation   of   their  origin  has  been  attempted.:}:     Worthen 

♦  Cxeological  Survey  of  Iowa,  1858,  vol.  i,  part  I,  p.  94. 

t  Geological  Survey  of  Iowa,  1870,  vol.  i,  p.  2()3  (note). 

X  The  investigations  of  G.  I  Hinde,  of  the  British  Museum,  on  various  cherts 
ver  the  world  led  hira  to  the  conclusion  that  they  are  of  organic  origin.  "  The 
hert  from  the  Carboniferous  limestones  of  Ireland  was  all  made  chiefly  from  the 
iliceous  spicules  of  sponges  and  the  silica  of  silicitied  fossils  has  the  same  source." 
-This  Journal,  IIF,  xxxiv.  405.  See  also  vol.  xxxvi,  73.  Dr.  M.  C.  White,  of 
lew  Haven,  made  the  earliest  observations  upon  chert  of  the  "  Subcarboniferous 
imestone  of  Illinois,"  and  the  hornstone  of  the  Coraiferous  and  Black  River  beds, 
lis  paper  will  be  found  in  this  Journal  (1862)  II,  xxxiii,  385.  Dana  also  die- 
Tisaes  the  subject  in  his  Manual  on  pages  267,  261,  and  305. 
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attributed  them  to  the  intrusion  of  water  char^red  with  sfli- 
ceous  material  from  below.  The  accession  of  siliceous  material 
to  the  waters  of  that  epoch,  however  caused,  resulted  in  the 
more  or  less  com])lete  extermination  of  the  life  cliaracteriziDg 
the  preceding  epoch.  Upon  the  restoration  of  normal  cond^ 
tions,  however,  a  ])rofusion  of  forms  again  appears  thongh 
marked  l^y  variations  in  type  and  form.  This  tendency  toward 
extinction  may  be  observed  hi  the  smaller  as  well  as  the  mcnn 
important  chert  beds.  Tlie  crinoidal  facies  of  the  first  crinoid 
bed  is  essentially  different  from  that  of  the  second,  while  that 
of  the  third  is  unlike  either.  The  destructive  effect  of  etces 
of  siliceous  material  represented  in  the  Geode  bed  is  especially 
noticeable  in  the  paucity  of  species  that  were  able  to  survive 
it.  The  almost  com])lete  extinction  of  the  Actinocrinidff  if 
especially  remarkable.*  Not  only  is  this  true  of  crinoidal  life 
but  it  has  been  remarked  that  a  profusion  of  fish  remains  is 
nearly  always  accompauied  by  greater  or  less  quantities  of 
chert.  The  obvious  connection  existing  between  the  presence 
of  the  chert  and  the  extinction  of  previously  existing  sj)ecieb 
is  certainlv  of  great  interest  both  from  dynamical  and  evoln- 
tionary  standj)oints,  though  at  present  little  understood. 

At  some  of  the  partings  in  this  division  the  upper  surface 
of  the  lower  stratum  shows  decided  evidences  of  erosion.  The 
limestone  matrix  has  in  some  cases  been  worn  away,  leaving 
the  fossils  projecting  one-half  to  one  inch  above  the  general 
surface.  The  rock-surface  is  usuallv,  in  these  cases,  much 
discolored  and  altogether  its  api)earance  seems  to  indicate 
changing  submarine  currents. 

The  upper  division  or  Geode  bed  consists  principally  of 
argillaceous  shale  varying  to  an  impure  shaly  magnesian  lime- 
stone. The  lower  |)ortion  is  more  calcareous,  souictime> 
including  thin  layers  of  tolerably  ))ure  limestone.  An  almn- 
dance  of  silicecMis  matters  occurs  here  in  the  form  of  goede? 
which,  with  the  exception  of  a  few  feet  in  the  lower  part,  are 
disseniinatt'd  throughout  the  formation.  They  are  generallv 
smaller  and  thicker  in  the  middle  and  upi>er  portions  of  tht 
bed,  wliile  in  the  more  calcareous  layers  below  the  geode? 
are  large  and  contain  more  pertVctly  formed  crystals. 

The  formation  contains  three  crinoid  beds  quite  clearlv 
distinguislie<I  from  eacli  other  in  the  character  of  their 
forms.  Outside  of  these  horizons  crinoids  sometimes  occur, 
but  sparingly. 

The  third  bed,  Xo.  ];?.  of  the  section  has  not  been  found  out- 
side of  a  single  locality  in  the  lower  part  of  the  city  discov- 
ered by  Mr.  L.  A.  Cox.  ^lost  of  th(»  species  obtained  fn>ui 
this    l)ed   Wi*re   new  and    belong    to    the   Poteriocriuida?,  en- 

*  K«\ves.  Ainoricaii  Xaturnlist.  Mnrch,  1890,  p.  243. 
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dently  allying  this  stratum  with  the  crinoid  bed  at  Craw- 
fordsville,  Ina.,  while  the  resemblance  is  still  further  enhanced 
by  the  lithological  character  of  the  stratum.  At  the  above 
locality  there  are  twenty-live  feet  of  fossiliferous  shale  under- 
lying the  cricoid  beds  and  followed  downward  by  two  hundred 
reet  of  limstone  and  shale.*  Now  while  at  Crawfordsville  the 
beds  are  marked  by  the  Poteriocrinidae,  at  Keokuk  the  fauna 
of  the  lower  division  is  essentially  Actinocrinoidal  in  aspect. 
The  most  common  forms  occurring  in  the  lower  division  at 
Keokuk,  viz :  Batocrinits  NaahvUkB^  B,  biturblnatus,  Acti- 
noorinns  pern^dosics  2Jid  Agaricocrinus  Worthe7ii,  are  absent 
at  Crawfordsville,  while  even  the  ubiquitous  Agaricocrintis 
America7ius  is  not  recognized  in  the  corrected  lists  of  fossils 
from  that  locality. 

We  are  disposed  therefore  to  consider  it  as  not  improbable 
that  the  crinoid  beds  at  Crawfordsville  and  the  associated  shale 
are  the  stratigraphical  equivalent  of  the  Geode  bed  and  its 
associated  layers  at  Keokuk. 

The  second  crinoid  bed  is  known  as  the  Dorycrinus  Bed, 
from  the  abundance  of  a  single  species  of  that  genus,  D.  Mis- 
sissippiensis. 

The  interest  attaching  to  these  beds  centers  largely  in  their 
Radiates  of  which  the  Orinoidea  are  the  most  prominent.  The 
following  table  gives  approximately  the  genera  and  number  of 
speciee  and  their  relations  at  Keokuk  and  Crawfordsville : 


Total 

At 

At  Craw- 

Genera. 

Species. 

Keokuk. 

fordeville. 

Species  common. 

Actinocrinus, 

6 

5 

.. 

Agaricocrinus, 

6 

3 

1 

Batocrinus, 

13 

7 

2 

B.  Indianenais, 

Barry  crinus, 

15 

9 

2 

Calceocrinus, 

4 

2 

1 

CatiUocriDiis, 

2 

,. 

1 

Cyathocrinus, 

11 

2 

5 

Decfidocrinus, 

2 

1 

1 

Dichocrinus, 

5 

3 

2 

D.  ficus. 

Dorycrinus, 

4 

4 

., 

Eretmocriuus, 

5 

3 

Bucladocrinus, 

I 

1 

Eupacliycrinus, 

1 

1 

»  , 

Porbesiocrinus, 

2 

1 

I 

F.  WorOieni. 

6ou  iasteroidocrinus. 

2 

1 

I 

Graph  locrinus, 

] 

•  «. 

-  •• 

Onychocrinus, 

3 

1 

2 

0.  ramulo8U8. 

Parisocrinus, 

1 

1 

Platy  crinus, 

5 

4 

1 

P.  hemisphertctts, 

Poteriocrinus, 

3 

1 

1 

Rhodocrinus, 

1 

I 

.. 

Scaphiocrinus, 

16 

12 

4 

Scytalocrinus, 

4 

.    . 

3 

Stemnjatocrinua, 

1 

•  • 

_  _ 

*  Beach ler,  Am.  Geol.,  vol.  ii,  p.  407. 


300  C,  H.  Gordon — Keokuk  Beds  at  Keohuh 


Genera. 

Total 
Species. 

At 
Keokuk. 

At  Craw. 
fordsTllle. 

Species  cooiDM. 

Symbathocrinue. 
Taxocrinus, 

3 
3 
1 
6 

3 
2 

i 

1 
2 

V  aaOCnuUBi 

Woodocrinus, 

"i 

Zeacrinus, 

1 

-- 

-- 

Number  gcDera, 

29 

128 

«9 

32 

5 

From  this  it  appears  that  over  onehalf  of  the  species  of  the 
formation  occur  at  Keokuk,  while-  at  Crawfordsville  the  pro- 
portion is  about  one-fourth  with  only  five  species  common. 
()ut  of  tlie  sixty-nine  species  observed  at  Keokuk,  howerer,  a 
lai'ge  portion  are  rarely  met  with,  while  the  hardness  of  the 
limestone  matrix  renders  the  collection  and  cleaning  of  fosak 
a  comparatively  slow  and  difficult  process. 

The  collection  of  iish  remains  made  here  is  an  extenave 
one  and  may  be  grouped  as  follows : 

Total         Species  Total         Specie* 

Species,    ai  Keokuk.  Specie*,    at  Keokuk. 

Cochliodonts,              26            20               PsammodontSf  1  1 

Hybodonts,                 17            17               Ichthyodorulites,  16  13 

Petalodonts,                 20             14  — -  — 

Total,  80  65 

It  is  generally  maintained  against  the  evidence  for  the  con- 
trary from  Coral  Islands,  as  illustrated  by  Professor  Dana,  that 
limestone  is  a  deepsca  deposit.  The  appearance  of  the 
Keokuk  limestone  in  places  shows  very  decided  evidences  of 
having  been  subjected  to  shallow  water  conditions.  That 
littoral  conditions  are  productive  of  arenaceous  deposits  alone 
would  seem  to  necessitate  the  further  proof  that  the  debris 
derived  from  the  neii^hborinn:  land  surface  is  distinctively 
arenaceous  in  character.  That  this  is  generally  so  is  readily 
seen,  but  that  it  is  always  so  can  hardly  be  admitted.  The 
presence  of  crinoids  in  the  Keokuk  limestone  has  been  accepted 
as  conclusive  of  a  deep  water  origin,  since  existing  forms  of  this 
order  are  usually  ()l)tained  far  below  the  surface.  Nevertheless 
we  are  disposed  to  consider  the  Keokuk  beds  in  the  vicinitv  of 
Keokuk  as  essentially  a  shallow  water  deposit.  Toward  the 
east  where  it  ini])inges  uj)on  the  Cincinnati  axis  it  becomes 
decidedly  arenaceous,  but  along  its  northern  border  in  Iowa  no 
such  change  is  observed,  its  calcareous  character  being  as 
marked  as  farther  toward  the  south.  Moreover  the  discovery 
of  a  j)iece  of  fossil  wood  in  this  formation  at  Keokuk  would 
seem  to  imply  (1)  an  adjacent  shore  line  and  (2)  shallow  water. 
This  interesting  specimen  was  obtained  from  No.  5,  about  K' 
feet  l>elow  the  base  of  the  Geode  bed.  It  is  a  portion  of  a 
Siiz-ilhirian  trunk. 

Keokuk.  Iowa. 
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Art.  XL. — Note  on  the  vapor-tenaion  of  Sulphuric  Aoid, 
with  the  descriptiofi  of  an  accurate  Cathetometer  Micro- 
scope;  by  Chas.  a.  Perkins,  Ph.D.,  Associate  in  Physics, 
Bryn  Mawr  College. 

In  the  physical  laboratory  it  is  frequently  necessary  to  meas- 
ure small  differences  in  the  height  of  two  objects,  such  as  two  * 
colnmns  of  liquid,  etc.,  and  especially  to  measure  changes  of 
height ;  and  several  forms  of  apparatus  have  been  designed  for 
tbis  work.     The  cathetometer  is  accurate  for  this  purpose  only 
"wben  provided  with  two  telescopes  and  when  the  objects  to  be 
measured  are  in  the  same  vertical  line,  and  then  is  not  readily 
used  if  the  points  are  less  than  about  10*^"*  apart      Desiring  to 
make  some  measurements  of  this  nature,  I  made  use  of  the 
following  apparatus :  A  microscope  of   rather  long  focus  is 
moun tea  upon  a  rigid  vertical  brass  column  and  is  carried  by  a 
vertical  micrometer  screw,  reading  to  ]? J^""'.     Immediately  in 
front  of  the  object  glass  and  covering  one-half  of  it,  is  placed 
a  small  total  reflecting  prism,  so  adjusted  that  when  the  micro- 
scope is  focussed  upon  one  object,  the  prism  throws  into  the 
field   the  image  of  an  object  veitically  above  or  below  the 
second,  but  on  a  level  with  the  first.     If  the  objects  to  be 
measured  are  situated  upon  the  same  level,  they  will  thus  be 
superimposed  ;  if  not  at  the  same  level,  they  will  come  suc- 
cessively to  the  center  of  the  field,  by  moving  the  micrometer 
through  the  necessary  distance.     With  this  apparatus,  measure- 
ments may  be  made  in  which  the  probable  error  of  a  single 
setting  is  considerably  less  than  g-J^"^"  and  in  which  the  motion 
is  a  simple  vertical  one  as  if  the  two  objects  were  in  the  same 
vertical  line.     The  principal  diflSculty  encountered  is  to  bring 
both  objects  into  focus  at  the  center  of  the  field.     For  this  it 
is  desirable  to  have  one  of  the  objects  movable  and  to  perform 
the  adjustment  by  moving  this  object,  but  it  is  quite  possible 
to  make  the  adjustment  when  the  objects  are  connected,  as 
the  two  legs  of  a  U-tube. 

I  have  made  use  of  this  apparatus  to  measure  the  vapor 
tension  of  sulphuric  acid.  This  liquid  has  some  properties 
fitting  it  to  be  used  in  pressure  gauges,  either  by  itself  or  in 
connection  with  mercury.*  I  desired  to  use  it  for  this  purpose 
in  a  place  where  its  vapor  tension  if  appreciable  would  be 
injurious. 

The  only  experiment,  so  far  as  I  know,  upon  the  vapor 
tension,  was  made  under  the  direction  of  Sir  Wra.  Thomson, 

*  Callendar,  On  the  practical  measurement  of  Temperature.  Phil.  Trans.,  vol. 
dxxviii,  p.  161 ;  and  Bottomley,  On  a  practical  Air  Thermometer  with  constant 
volume,  Phil.  Mag.,  ser.  V,  vol.  xxvi,  p.  149. 
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and  consisted  in  proving  tbat  the  tcneion  does  not  chuge 
mnch  between  20°  and  100°  C. :  the  column  of  acid,  by  wim 
tlie  change  o£  tension  was  measured,  being  3°™  in  diameftr 
and  tenninated  at  one  end  by  a  vacuum  and  at  the  other  bv  i 
bulb  of  gas  which  was  kept  as  nearly  ae  possible  at  the  etna 
temperature  wliile  the  acid  at  the  vacuum  end  of  the  tube  wu 
heated.* 

My  own  plan  originally  was  to  take  a  U-tnbe,  half  filled  with 
mercury,  and  after  drying  and  exhausting  the  air  from  both 
legs,  to  observe  the  dejiresBion  of  mercury  in  one  leg,  when  i 
drop  of  acid  was  introduced.  In  every  case  an  elevation  wk 
observed,  due  to  moisture  leaking  in  through  the  cocks,  or 
remaining  on  the  glass  and  evaporating  as  exhaustion  ad- 
vanced ;  a  form  was  therefore  adopted  which  was  free  from 
cocks  and  in  which  the  niercnry  coald  be 
boiled  to  drive  off  all  moistnre.  It  consi^te 
of  two  barometers.  One  is  an  ordinarj-  cis- 
tern baroinetLT  (I),  the  other  is  an  inverted 
U-tube  with  mercury  in  both  lege.  One  end 
(h)  dips  into  the  same  vessel  as  the  tube  I, 
the  other  (a)  is  recurved  to  prevent  the  ad- 
mission of  air,  but  allowing  the  aeid  to  le 
introduced  hy  a  curved  pipette  or  medicine 
dropper.  The  height  of  the  column  (i)  in  U 
is  compared  with  that  in  I,  before  and  after 
admitting  acid  into  T'  through  a.  The  inter- 
nal diameter  of  the  tnbes  is  about  0-S™,  In 
tilling  the  U-tube,  it  is  exhausted  by  a  Sprcngi;] 
pump  and  heated  strongly.  When  cooi.  a 
little  mercury  is  introduced  and  boiled  and  this  operation  is 
repeated  till  the  tnlie  is  full.  Unless  this  precaution  is  taken, 
the  acid  in  rising  through  the  tube,  eariies  up  air,  which  causes 
a  dt'pressicm  of  the  mei-cury. 

Tlieacid  was  purchased  of  Queen  &  Co.  as  pure  concentrated 
acid,  but  not  absolutely  anhydrous. 

In  making  the  mcaxuroments  from  three  to  five  readings 
were  made  of  tlie  position  of  the  meniscus  in  U  and  the  same 
number  for  I  :  then  acid  was  introduced  into  the  other  leg  of 
U  and  tho  readings  were  repeated  in  the  same  order.  Tbe 
mercury  column  is  illuminated  from  behind  and  a  ring  of 
black  paper,  sliding  on  the  tube,  it>  adjusted  as  near  as  po^ible 
to  the  top  of  tliu  meniscus,  allowing  only  a  thread  of  light  to 
pass  (Ivor  the  top  of  the  eoliinm.  I'niess  this  is  done,  reflec- 
tiouH  will  make  the  top  of  the  column  uncertain.  "Where  it  is 
possible,  the  method  of  uaing  the  image  of  a  black  jwint  ind 

•  Eocj-c.  Urit.,  SUi  ed..  .Arttcto  "  Heat." 
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is  reflection,  as  done  at  Breteuil,  leaves  nothing  to  be  desired  ; 
>iit  I  could  not  work  with  large  enough  tubes,  and  errors  of 
liteng  were  not  my  principal  errors. 

Measured  in  this  way,  my  three  best  measurements  gave  for 
;he  vapor  tension  : 

Difference  of  U  and  I  in  aOOths «»". 

Before  admitting  acid.  After.  Difference  in  """. 

31  33  4- -01 

9  '  11  +-01 

—  12  —13  — -005 

This  result  is  considered  to  be  purely  negative,  as  errors  due 
fco  the  change  of  the  height  of  the  barometer  during  the  experi- 
ment and  those  introduced  by  irregularities  in  the  capillarity 
of  the  mercury  (in  spite  of  shaking  the  tube)  would  be  sufficient 
to  account  for  the  measured  tension.  A  larger  tube  would 
have  avoided  some  of  the  trouble,  but  would  have  increased 
very  much  the  labor  of  manipulation. 

In  several  other  experiments,  attention  was  carefully  fixed 
upon  the  top  of  the  mercury  column  in  the  tube  h  just  as  the 
add  rose  through  the  other  tube  (a),  in  order  to  observe  any 
instantaneous  movement  of  the  column.  The  movement,  if 
any,  was  very  slight — certainly  not  in  excess  of  the  above 
measurements.  I  therefore  conclude  that  the  tension  is  not 
greater  than  about  01' 


mm 


Abt.  XLI. — Experiments  vpon  the  Constitution  of  the  Nat- 
ural Silicates ;  by  F.  W.  Clarke  and  E.  A.  Schneider. 

During  the  past  six  years  the  constitution  of  the  natural 
silicates  has  received  a  good  deal  of  attention  in  the  laboratory 
)f  the  United  States  Geological  Survey.  A  number  of  papers 
)ave  been  published  by  one  of  us,  partly  theoretical  and  partly 
naljtical ;  but  the  evidence  so  far  considered  has  been  drawn 
•nly  from  careful  analyses  of  various  minerals^ and  a  study  of 
heir  obvious  relations,  their  associations,  and  their  alteration 
►roducts.  Within  certain  limits  the  results  obtained  have  been 
atisfactory  and  suggestive ;  but  in  several  cases  it  was  found 
hat  ordinary  analysis  failed  to  discriminate  between  possible 
Itemative  formulaB;  and  it  was  plain  that  the  uncertainties 
ould  only  be  cleared  up  by  new  lines  of  experimental  investi- 
gation, with  such  investigations  the  present  paper  has  to  do. 
Sixteen  minerals,  including  varieties,  all  of  the  magnesian 
;ronp,  have  been  examined ;  and  it  has  been  found  quite  pos- 
sible to  separate  some  of  them  into  distinct  fractions  of  definite 
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character  in  such  a  way  as  to  shed  much  light  upon  their  inner 
chemical  structure.  In  general,  the  methods  wnich  have  been 
employed  by  us  are  not  new,  except  in  their  application  to  tBe 
silicate  problem ;  but  in  their  analogies  to  the  processes  need 
for  the  elucidation  of  organic  compounds,  we  believe  that  they 
will  be  found  interesting. 

In  brief,  our  mode  of  procedure  has  been  as  follows :  First 
each  mineral,  selected  and  purified  with  great  care,  has  been 
completely  analyzed ;  and  in  each  case  enough  material  was 
ground  to  a  uniform  sample  to  suffice  for  all  sul)6eqiient  exper- 
iments. Secondly,  each  mineral  has  been  subjected  to  the 
action  of  dri/  hydrochloric  acid  gas,  under  quantitative  condi- 
tions. For  this  purpose  a  quantity  of  material  was  weighed 
out  in  a  platinum  boat,  which  was  then  placed  in  a  glass  tnbe 
and  lieated  in  a  streatn  of  the  dry  gas  until,  after  repeated 
weighings,  constatit  weight  was  attained.  The  sample  was  then 
treated  with  water  and  a  drop  or  two  of  nitric  acid,  and  the 
soluble  constituents  of  the  mass  were  determined  by  the  usual 
methods  of  analysis.  In  every  instance  a  sample  was  thns 
treated  at  a  teraj^erature  between  383^  and  412°  C,  but  in 
some  c-ases  other  temperatures  were  studied  also.  For  heating 
the  tubes  an  ordinary  combustion  furnace  was  used ;  and  the 
temperature  was  kept  within  the  indicated  range  by  placing 
on  one  side  of  the  platinum  boat  a  sealed  capillary  tube 
containing  lead  iodide,  melting  point  883^,  and  on  the 
other  side  a  tube  containing  zinc,  which  fuses  at  412°.  The 
flames  of  the  furnace  were  then  so  adjusted  that  the  iodide 
fused,  while  the  zinc  did  not.  For  a  higher  range  of  tempr- 
atures,  which  was  employed  in  some  cases,  the  indicators  simi- 
larly used  were  lead  chloride,  m.  p  498°,  and  silver  iodide,  m. 
\  527°.  These  melting  points  are  given  according  to  Caruel- 
ey.  As  a  rule,  in  each  series  of  experiments  the  sample  under 
treatment  was  weighed  every  two  hours ;  and  before  reheating 
it  was  stirred  with  a  tine  platinum  wire  in  order  to  expose  a 
fresh  surface  to  the  action  of  the  acid.  By  this  mode  of  treat- 
ment different  minerals  are  verv  differentiv  affected;  there 
being  almost  no  action  in  some  cases,  and  very  notable  action 
in  others.  With  this  action  of  gaseous  acid,  the  action  <»f 
aqueous  hydrochloric  acid  upon  each  mineral  was  carefully 
compared,  and  some  points  of  great  importance  were  thus 
brought  out.  As  a  rule,  one  gram  of  mineral  was  treated 
with  75  cc.  of  fuming  hydrochloric  acid  on  the  water  bath, and 
the  mixture  was  evaporated  to  dryness.  When  decomposition 
was  not  c«»in])lete,  the  mineral  was  further  treated  with  hydrc^- 
chloric  acid  of  sj).  gr.  1*12  for  three  days  or  even  longer,  and 
the  amuunl  of  action  was  ascertained  and  recorded.  In  several 
instances  this  treatment  with  aqueous  acid  was  repeated  after 
jtrouir  iirnition  of  a  mineral,  and  it  was  sometimes  found  that  a 

■■Or?  ' 
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species  previously  solable  could  be  thus  split  up  into  a  soluble 
md  an  insoluble  part  In  a  number  of  cases  i^ition  of  a  min- 
ohd  caused  the  liberation  of  silica,  which  could  afterwards  be 
dissolved  out  with  soda  solution  and  quantitatively  determined. 
For  this  purpose  a  solution  of  sodium  carbonate,  250  grams 
to  the  liter,  was  employed.  Finally,  in  almost  every  case  the 
nature  of  the  water  in  a  mineral  was  investigated,  by  a  study 
of  the  temperatures  at  which  its  several  fractions  were  expelled. 
For  low  temperatures,  an  ordinary  air-bath  was  usea  ;  for 
higher  temperatures  the  minerals  were  heated  in  a  stream  of 
dry  air,  between  indicators  of  known  melting  points,  just  as  in 
the  treatment  with  gaseous  hydrochloric  acia. 

So  much  for  the  methods  of  research,  which  will  be  more 
clearly  understood  from  a  study  of  the  details  to  be  given  pres- 
ently. On  the  theoretical  side  we  have  adhered  to  the  work- 
ing nypothesis  that  the  more  complex  silicates  are  substitution 
derivatives  of  normal  salts,  as  has  been  suggested  by  one  of  us  in 
several  earlier  publications.  From  this  point  of  view  the  nor- 
mal ortho-silicate  of  magnesium  is  the  fittest  starting  point  for 
discussion,  and  this  salt  is  approximately  represented  by  olivine. 
The  purer  forsterite  was  not  available. 

1.   Olivifie. 

For  this  species  the  only  material  at  hand  was  a  supply  of 
the  chrysolite  pebbles  from  near  Fort  Wingate,  New  Mexico. 
The  mineral  from  this  locality,  we  believe,  has  not  been  pre- 
viously analyzed ;  and  as  it  is  rich  enough  in  color  and  is  suffi- 
ciently clear  it  is  often  cut  as  a  gem.  It  has  the  characteristic 
color  of  the  peridot,  and  is  apparently  quite  free  from  inclu- 
sions.    The  analysis  gave  the  following  results : 

SiO, 41-98 

Fe,0, -51 

FeO 5-71 

NiO X -42 

MnO   -10 

MgO  51-11 

H,0 -28 

100-11 

Only  0'05  per  cent  of  the  water  was  lost  at  105°. 
1-1027  grams  of  the  mineral  were  heated  in  gaseous  hydro- 
chloric acid  for  twentvtwo  hours,  and  gained  in  weight  0-0157 
f;rm.     On  leaching  with  water  and  a  drop  of  nitric  acid  the 
ollowing  percentages  of  material  went  into  solution  : 

MgO  1-47 

Fe,0. -43 
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Hence  olivine,  at  the  temperature  of  383**-412®,  is  hardlj 
attacked  by  dry  hydrochloric  acid ;  and  the  slight  action  here 
recorded  may  possibly  be  due  to  incomplete  drying  of  the  gw. 
The  aqueous  acid,  on  the  other  hand,  decomposes  olivine  with 
great  ease.  On  this  mineral  no  other  experiments  were  neces- 
sary for  our  purposes. 

2.   Talc. 

The  mineral  studied  was  a  typical,  apple-green,  foliated  talc 
from  Hunter's  Mill,  Fairfax  County,  Virginia.  Analysis  as 
follows : 

SiO, 62-27 

A1,0, 15 

Fe,0,    -95 

MfijO 30-95 

Fe\) -85 

MnO trace 

H,0 4-91 

100-08 

In  detail,  the  water  determination  was  as  follows : 

Loss  at  105° -07 

Loss  at  250^-300° -06 

Loss  at  rod  heat 4*43 

Loss  at  white  heat '35 

Hence  the  water  is  practically  all  constitutional. 

Heated  in  dry  HCl  gas  to  383°-412°  for  fifteen  hours,  the 
talc  underwent  inappreciable  change  of  weight.  Upon  leach- 
ing, only  0*23  per  cent  of  magnesia  went  into  solution.  By 
rapid  evaporation  with  75  cc.  of  fuming  aqueous  HCl,  1*05 
per  cent  of  MgO  and  O'lO  of  (FeAl)30,  were  dissolved.  Upon 
eight  days'  digestion  on  the  water  l)ath  with  acid  of  1*12  sp. 
gr.,  1*94:  MgO  and  0  28  of  sesquioxides  were  removed.  By 
digesting  in  like  manner  for  thirty-two  days,  3'94  MgO  and 
0*41  of  sesquioxides  were  taken  out.  Talc,  therefore,  is,  as 
should  have  been  expected,  remarkably  stable  in  presence  of 
hydrochloric  acid,  both  aqueous  and  dry.  This  fact  has  a  very 
important  bearing  upon  the  constitutional  formula  of  the  min- 
eral. 

In  empirical  composition  the  talc  analyzed  agrees  quite 
sharply  ^vith  the  accepted  formula  Mg.IIjSi^O,,.  This  is  com- 
monly interpreted  as  an  acid  metasilicate,  Mg,H,(SiO,)< ;  but 
Groth  has  lately  proposed  to  consider  talc  as  a  basic  salt  of 
pyrosilicic  acid,  II,Si,0,.  On  this  supposition  its  rational  for- 
mula becomes  Mg(SiaOJ,(MgOH)3.  Between  these  two  for- 
mulae, experiment  is  able  to  decide. 
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Against  Groth's  formula  the  stability  of  talc  towards  acids 
^lls  very  strongly.  The  univalent  group  —  Mg  —  OH  ought 
JO  be  soluble  in  hydrochloric  acid;  and  evidence,  to  be  pre- 
sented later,  goes  to  show  that  that  particular  group  is  easily 
removable  by  the  dry,  gaseous  HCl.  In  fact,  our  experiments 
make  it  highly  probable  that  all  the  magnesia  taken  from  a  sil- 
icate by  perfectly  dry  HCl,  was  originally  present  in  the 
hydroxylated  form.  As  regards  the  constitution  of  talc,  how- 
ever, other  evidence  is  even  stronger. 

If  Groth's  formula  is  correct,  then,  upon  ignition,  talc  should 
behave  according  to  the  equation 

Mg<s.,;o:-Mi-oH  -^^«^ = ^^<si:o:-Mi>^- 

In  other  words  the  loss  of  water  should  produce  but  little 
change,  and  no  silica  should  be  liberated.  If,  on  the  other 
hand,  the  acid  metasilicate  formula  is  true,  talc  should  split  up 
into  3MgSiO,-f  SiOj-f-HjO;  that  is,  one-fourth  of  the  silica 
should  be  set  free;  which,  in  the  present  initance,  would 
amount  to  15*57  per  cent  This  actually  happens;  and  a 
weighed  quantity  of  talc,  ignited  very  intensely  for  half  an 
hour  over  a  blast-lamp,  gave  up  15'36  per  cent  of  SiO,  upon 
subsequent  boiling  with  a  solution  of  sodium  carbonate.  Upon 
longer  ignition,  as  might  be  expected,  a  part  of  this  silica  re- 
verts to  the  insoluble  form,  and  somewhat  lower  results  are 
obtained.  Upon  the  unignited  talc,  boiling  with  soda  solution 
for  twenty-four  hours  produced  little  or  no  eflEect ;  soda  was  not 
taken  up,  nor  was  silica  removed. 

In  brief,  both  lines  of  evidence,  the  liberation  of  silica  and 
the  stability  toward  acids,  confirm  the  ordinary  formula  for 
talc  and  controvert  the  views  of  Groth ;  and  no  other  formula 
out  of  several  which  are  possible,  satisfies  both  of  the  experi- 
mentally established  conditions.  The  mineral,  therefore,  must 
be  regarded  as  an  acid  metasilicate;  although  its  ultimate 
structural  formula  can  be  written  only  when  w^e  have  a  bet- 
ter knowledge  of  metasilicic  acid.  It  is  a  noteworthy  fact, 
that  no  normal  metasilicic  ether  is  yet  certainly  known  ;  for 
Ebelmen's  results  have  not  been  confirmed  by  later  observers. 
Troost  and  Hautefeuille,  however,  prepared  an  ether  having 
the  composition  (C,Hj)gSi^O„.  Possibly  enstatite  may  be  the 
normal  magnesium  salt  corresponding  to  this  ether ;  in  which 
case  talc  would  be  a  substitution  derivative  having  H,  in  place 
of  one  atom  of  Mg. 

3.  Serpenti7ie, 

On  account  of  the  importance  of  this  species,  its  variability 
in  external  characteristics,  and  its  manifold  relations  to  other 
minerals,  several  distinct  samples  were  investigated. 
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A.  Dull-green  6er|)entiue  from  Montville,  New  Jersey,  de- 
rived  from  pyroxene  by  alteration. 

B.  Dark-green  serpentine  from  the  well-known  locality  it 
Newbnryport,  Massachusetts. 

C.  Silky,  fibrous  chrysotile  from  Montville. 

D.  Grayish-green  picrolite  from  Buck  Creek,  North  Caro- 
lina. 

E.  A  grayish  green  mineral  from  Corundum  Hill,  North 
Carolina,  which  was  supposed  at  first  to  be  deweylite.  It  is 
an  ordinary,  massive  serpentine. 

Analyses  as  follows,  with  the  itemized  water  determiuations 
subjoined. 

A  B  CD  E 

SiO, 42-06  41-47  42-42  42^94  41^90 

H,0 14-66  15-06  15-64  13-21  1616 

MgO 42-57  41-70  41-01  36-53  40^16 

FeO •  i  0  -09  undet.  1  -88  undet. 

CaO '05  none  trace          

NiO -23  '61  -10 

Fe,0,  ....          -30  \       .  ^62  3^33  -91 

A1,0, S  '63  1^72  ^71 

99^73        100-05        100-55        100^22  99*94 

up  at  105° -90 

up  at  250** -55 

H^O  at  383°-4r2°  ..      '27 
H,0  at  498°-527°  ..      -23 

11,0  at  red  heat 12-37 

li.^0  at  white  heat._      -28 

From  these  data  it  is  clear  that  practically  all  the  water  in 
ser])entine  is  constitutional,  and  that  none  of  it  can  be  fairly  re- 
garded as  crystalline.  The  small,  variable  amount  lost  below 
250°  is  mainly  hygroscopic  and  enclosed  water,  since  the  anal- 
yses refer  to  airdried  material.  It  is  hardly  necessary  to  state 
that  in  each  fractional  determination  the  material  was  heated 
to  constant  weight. 

Upon  heating  in  dry,  g-aseous,  hydrochloric  acid  all  of  these 
serpentines  were  strongly  attacked  ;  ditfering  essentially  in  this 
particular  from  olivine  and  talc.  The  bases  thus  taken  out  as 
chlorides  at  388°-412°  were  as  follows: 


1-20 

2-04 

1-53 

2-26 

•55 

•71 

•44 

1-01 

•     _     w     « 

•27 

•62 

•98 

—     .     ai     * 

•56 

M       *       «       a 

•42 

13-01 

11-81 

10^68 

1V32 

•30 

-25 

•04 

•17 

No.  of  hours  heated. 

A 
...       54 

B 

68 

C 
54 

D 

78 

E 
41 

M<x()  i'Xtraeto<l 

KjO,  extracted 

...10-14 

16-73 
•43 

9-98 

11-38 
•66 

15-25 
•51 
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In  the  last  determination  the  solnble  ma^esia  was  accident- 
illy  lost;  and  the  vahie  given  was  estimatea  by  diflFerence.  A 
luplicate  determination  on  the  Newburyport  mineral,  at  the 
tftme  temperature,  with  39  hours'  heatine  gave  only  li'43  per 
»nt  of  magnesia  removed  as  chloride.  The  diflFerent  times  re- 
Toired  for  obtaining  constant  weight  and  so  fixing  the  limit  of 
kne  reaction  vary  considerably. 

Similar  experiments  upon  serpentines  A  and  B  at  the  tem- 
perature 498°-527°  gave  similar  results. 

A  B 

Hours  heated 18  18 

MgO  removed 10*83  14*28 

Rj,0,  removed -10  -16 

In  duplicate  determinations  at  the  same  temperature,  A 
vielded  14*17  and  B  gave  1736  per  cent  of  magnesia  converted 
into  chloride. 

Now  these  data,  although  not  satisfactorily  concordant,  have 
nevertheless  some  significance.  They  show  first  that  the  action 
of  the  gas  is  much  the  same  at  both  of  the  temperature  inter- 
vals, except  that  the  limit  of  change  is  reached  more  quickly 
in  the  hotter  series.  They  show,  also,  that  the  magnesia  of 
serpentine  is  probably  combined  in  two  ways ;  one  part  being 
affected,  the  other  unattacked  by  the  acid.  That  part  which 
is  converted  into  chloride,  and  so  rendered  soluble,  we  may  re- 
gard provisionally  as  represented  by  the  group  — Mg — OH ; 
even  though  our  estimate  of  its  amount  may  not  be  so  sharply 
accurate  as  might  be  desirable.  No  other  hypothesis  as  to  the 
nature  of  the  dissolved  magnesia  seems  to  be  practicable,  or  to 
account  in  any  way  for  the  results  of  the  experiments.  Koughly 
speaking,  a  maximum  amount  of  about  one-third  of  the  mag- 
nesia in  serpentine  is  extracted  by  dry  HCl  under  the  condi- 
tions of  our  experiments,  the  other  two-thirds  being  more 
stable. 

By  aqueous  hydrochloric  acid  all  of  the  five  serpentines  were 
easily  and  completely  decomposed.  In  three  instances  this  fact 
was  determined  quantitatively  ;  by  evaporating  the  acid  to  dry- 
ness with  the  mineral,  extracting  with  weak  acid,  and  weigh- 
ing the  residue.  In  each  case  this  residue  agreed  in  percen- 
tage with  the  silica  found  by  actual  analysis.  The  data  are  as 
follows : 

A  0  D 

Insoluble  in  HCl  42*32  42*21  42*55 

Silica  found  42*05  42*42  42*94 

By  very  weak  hydrochloric  acid,  however,  these  three  ser- 
pentines are  but  partially  decomposed  ;  the  picrolite  being  the 
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mo8t  stable  of  the  series.  A  microscopic  examination  of  the 
picrolite  by  Mr.  Waldeniar  Lindgren  showed  no  inelnsioni 
which  could  account  for  this  diflFerence  in  behavior,  and  it  k 
probably  due  to  merely  mechanical  conditions. 

Upon  boilin«>:  directly  with  sodium  carbonate  solution,  none 
of  the  serpentines  were  attacked.  By  sharp  ignition,  howeirer, 
a  little  silica  wae  sometimes  liberated  ;  which,  as  in  the  case  of 
the  talc,  could  be  dissolved  out  and  estimated.  Tlie  quantities 
of  silica  thus  set  free  were  as  follows  : 

ABODE 
Per  cent         6-23         2-00         2*98         none         6*05 

6-34  2-63  4-93 

These  results  cannot  easily  be  interpreted.  At  most,  only 
about  one  seventh  of  the  total  silica  is  thus  taken  out ;  and 
this  may  represent  either  impurities  in  the  minerals  or  secon- 
dary reactions  of  an  undetermined  kind. 

When  serpentine  is  heated  to  the  point  of  fusion  it  is  split 
up,  as  Daubr6e  has  shown,*  into  a  mixture  of  olivine  and 
enstatite. 

ir,Mg,Si,0,= 211,0  +  Mg^SiO,  +  MgSiO.. 

Upon  ordinary  ignition,  however,  this  breaking  up  of  the 
molecule  does  not  always  take  place ;  and  when  it  does  occur, 
it  is  as  a  rule  only  })ai'tial.  In  three  experiments  the  ser[>en- 
tines  A,  C,  and  D,  were  strongly  ignited  over  a  blast  lamp  for 
an  hour  eacli,  and  then  treatea  with  strong  hydrochloric  acid. 
J^y  this  treatment,  olivine,  if  formed,  should  be  decomposed; 
while  enstatite  would  remain  unattacked  in  the  residue.  After 
evaporation  to  dryness  and  extraction  with  weak  acid,  the 
insohible  material  Wiis  boiled  with  sodium  carbonate  solution 
to  remove  free  silica,  washed,  dried,  and  weighed.  The  resi- 
dues were  as  follows : 

A  C  D 

Per  cent  4-3^  20*80  '  39*96 

The  residue  from  the  massive  Montvilie  serpentine  contained 
48-28,  and  that  from  the  chrysotile  41*34  per  cent  of  magnesia, 
thus  agreeing  nearly  with  enstatite  in  composition.  The  picro- 
lite residue  was  composed  of — 

MtrO 36*31 

SiO 54*88 

R,U, 9-26 

100*45 
*  Compt.  Rcud.,  Ixii,  661,  1860. 
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»wing  it  to  be  an  impure  enstatite,  the  impurities  being  anal- 
>ii8  to  those  of  the  original  mineral  In  the  last  case  the 
itting  up  seems  to  have  been  practically  complete ;  in  the 
■yeotile  it  went  fully  half  way,  while  in  the  ordinary  serpen- 
e  it  barely  began.  The  conclusion  is  obvious.  When  ser- 
itine  is  simply  dehydrated,  the  molecule  Mg,Si,0,,  decom- 
sable  by  acids,  remains ;  and  this  on  further  heating  splits 

in  accordance  with  Duabr^e's  observations.  The  salt 
j,Si,0,  corresponds  to  certain  well  known  silicic  ethers,  and 
probably  a  definite  compound. 

^f ow,  bearing  upon  the  constitution  of  serpentine,  we  have 
eral  lines  of  evidence.  First,  its  empirical  formula, 
Mg,Si,0,  is  well-known,  and  in  this  all  the  water  is  con- 
;utional.  Second,  upon  dehydration  it  yields  the  salt 
f,Si,0^.  Third,  a  part  of  the  magnesia  is  less  stably  com- 
led  than  the  remainder  of  the  base,  and  is  presumably  pres- 
b  as  — Mg — OH.     If  one  atom  of  magnesium,  or  one-third 

the  total,  is  thus  combined,  the  excess  of  one  atom  of 
ygen  over  the  normal  orthosilicate  ratio  in  the  formula  is 
jounted  for,  and  the  conditions  imposed  by  our  experimental 
inlts  are  satisfied. 

Taking  all  these  considerations  into  view  it  seems  highly 
>bable  that  the  constitutional  formula  of  serpentine  may  be 
itten  Mg,(SiO^),H,(MgOH).  In  ultimate  structural  form 
is  may  be  interpreted  in  several  ways,  any  one  of  which  will 
mit  of  a  linking  together  of  the  two  orthosilicic  groups, 
j&r  dehydration,  with  elimination  of  one  oxygen  atom,  to 
•m  the  acid  group  Si,0^.  Between  the  several  possible 
uctures,  however,  we  are  not  as  yet  prepared  to  decide,  and 
pther  investigation  covering  other  hydro-magnesia  silicates  is 
cessary.  Bearing  in  mind  the  very  common  derivation  of 
■pentine  from  olivine,  and  the  obvious  relations  of  both 
Bcies  to  chondrodite,  the  following  fonnulfie  are  highly  sug- 
8tive;  the  first  one  representing  olivine  with  double  its 
aplest  expression : 


Mg,S),0,  Olivine. 

Mg,Si,0,(MgF),  Chondrodit 

Mg,Si,O.H,(MgOH)  Serpentine. 


the  chondrodite  formula  of  course,  the  group  -Msj-O-Mg- 
a  certain  extent  replaces  the  two  univalent  MgF  groups, 
though  these  formulae  are  not  absolutely  proven,  they  are 
least  highly  probable ;  and  they  conform  perfectly  to  the 
neral  working  hypothesis  that  the  more  complex  silicates 
\  substitution  derivatives  of  normal  salts. 

LM.  Jour.  Sci.— Thibd  Series,  Vol.  XL,  No,  238.— Oct.,  1890. 
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One  other  formula  for  serpentine,  MgSi,0^MgOH),H^  k 
reconcilable  in  part  with  our  data.  But  such  a  compound 
ought  to  be  acted  upon  more  strongly  by  gaseous  hydrocblorie 
acid,  and  two-thirds  of  the  magnesia  should  be  removtbk 
This  limit  was  not  even  remotely  approached  in  our  experi- 
ments, although  in  two  cases  the  one-third  limit  was  definiteljr 
exceeded.  It  is  a  legitimate  question,  however,  whether  there 
may  not  be  two  isomeric  serpentine  molecules,  corresponding 
to  these  two  formuhii ;  and  this  question  ought  to  be  kept  io 
view  in  future  investigations. 

[To  be  continued  ] 


Art.  XLII. — On  five  new  Ainerican  MeteoHtea ;  by  George 

F.  KuNZ. 

1.    On  the  group  of  Meteorites  recently  discovered  in  Brtiiham 

^btonshijy,  Kioxca  County^  Kansas, 

About  four  yeai-s  ago,  the  farmers  of  Brenham  Township 
ploughed  up  a  number  of  heavy  objects,  which  they  used  to 
weight  down  haystacks  and  for  other  like  purposes,  as  they 
would  have  used  bouldei's.  It  was  discovered  in  March  last 
that  these  were  not  common  "  rocks,"  but  an  interesting  group 
of  meteorites,  numbering  over  twenty  in  all,  weighing  together 
about  2,000  pounds,  and  individually  from  466  pounds  down 
to  one  ounce.  They  were  found  imbedded  at  a  slight  depth  in 
the  soil,  which  here,  for  about  one  hundred  feet  deep  is  formed 
of  Pleistocene  marl,  originally  the  bottom  of  an  ancient  lake; 
they  occurred  scattered  over  a  surface  more  than  a  mile  in 
length,  principally,  however,  in  a  square  of  about  sixty  acres. 

What  is  now  Kiowa  County,  Kansas,  live  years  ago  formetl 
j)arts  of  Kdwards  and  C\>munclie  (Mninties,  and  was  occupied 
by  large  ranges  and  cattle  ranches.  Brenham  Township,  or 
TownsJii])  *27,  as  it  was  then  called,  is  in  the  northwestern  part 
of  Kiowa  County,  (UMisists  of  high  prairie  with  some  areas  of 
sand-hills,  and  has  an  altitude  of  alxjut  220  feet  al)Ove  sea-level. 
Some  <lrains  of  the  liead-watei's  of  tJie  Medicine  River  an<l  its 
tributaries,  farther  south,  become  ravines  and  vallevs:  and  there 
a  gravel  occurs,  the  debris  of  Pliocene  '*  Loup  Fork  "  conglom- 
erates. But  on  the  high  prairie  not  a  stone  of  any  kind  is  tu 
l)e  found  ;  hence  the  ranchmen  an<l  sjittlers  were  "greatly  sur- 
prised at  finding  heavy  ** rocks''  or  stones  projecting  through 
the  j)rairie  sod. 

Several  years  ago,  Mr.  I>avis,  a  lawyer  at  Greensburg,  iden- 
tified these  as  meteorites  ;  and  although  the  farmers  had  thus 
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known  the  fact  for  a  long  time,  yet.  strange  to  say,  no  impor- 
tance was  attached  to  them  until  Mrs.  Kimberly  applied  to 
Profeeeor  R  W.  Cragin,  of  Washburn  University,  in  the  early 
part  of  last  spring.  It  was  not  until  the  13th  of  March  that 
Professor  Cragin  secured  four  of  these  masses.  They  were 
Dearly  all  found  by  being  struck  by  mowing-machines,  plough- 
shares, corn-cultivators,  or  other  farm  implements.  Over 
twenty  distinct  masses  have  been  reported ;  but  it  is  very 
evident,  from  the  weight  and  other  facts,  that  some  have  been 
noted  several  times  over.  The  townships  are  reckoned  from 
the  base-line,  the  40th  parallel ;  and  the  ranges,  from  the  6th 
principal  meridian,  which  crosses  Kansas  about  longitude 
97*^  30'  west  of  Greenwich.  Brenham  Township  [27]  is  made 
up  of  thirty-six  sections,  each  one  mile  square,  numbering 
from  No.  1  to  No.  36.  The  meteorites  seem  to  have  covered 
an  area  over  one  mile  in  length.  Some  of  them  fell  on  the 
east  half  of  the  northwest  quarter.  Section  27,  Township  28, 
Kange  17,  west  of  the  6th  principal  meridian. 

The  history  of  some  of  the  pieces  is  remarkable.  The 
35"72-pound  piece,  found  on  the  Evans  place,  was  lost,  and 
iijeain  found  in  a  hole  made  by  hogs  under  a  barbed- wire  fence. 
Kie  75-pound  mass  was  used  by  Mrs.  Kimberly  to  hold  down 
a  cellar  door  or  the  cover  to  a  rain-barrel.  iMassNo.  3  was 
need  to  keep  down  a  stable-roof.  The  466-pound  mass  [called 
by  the  farmers  the  "  moon  meteorite "]  was  covered  by  only 
three  inches  of  soil,  and  broke  a  ploughshare  when  first  struck. 
Apparently  none  of  the  masses  were  buried  to  a  greater  depth 
than  five  or  six  inches. 

The  101*5-pound,  the  71  5  pound,  and  the  66-pound  masses 
were  found  four  years  ago  by  a  cow-boy,  when  tne  ranch  had 
not  yet  been  occupied  by  settlers,  being  simply  used  as  a  cattle- 
range.  He  was  unable  to  move  them  to  the  "  Green's  Stage 
Station,*'  now  Greensburg,  eight  miles  distant,  and  so  buried 
them  in  the  gulch  a  mile  norfliwest  of  the  Kimberly  farm  on 
the  "  Francisco  Claim."  About  a  year  afterward  he  became 
ill,  and  died  ;  but  before  his  death  he  communicated  the  burial 
of  the  "  three  strange  rocks,"  as  he  called  them,  to  two  of  the 
settlers,  who  succeeded  in  finding  them  and  bringing  them  to 
the  new  town  of  Greensburg  about  a  year  later.  The  55-pound 
mass  was  carried  over  by  a  neighbor,  who  used  it  to  weight 
down  his  haystack. 

Prof^sor  Snow,  of  Lawrence,  Kansas,  visited  Kiowa  County 
several  times,  and  the  last  time  obtained  the  101'5pound  mass 
in  the  streets  of  Greensburg,  the  county  seat,  where  it  had 
lain  for  several  years  in  front  of  a  lawyer's  real  estate  office. 

The  exterior  of  all  the  masses  snows  the  characteristic 
pitting.     The  surfaces  have  all  been  more  or  less  oxidized  by 
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exposure  to  the  elements,  showing  that  the  fall  is  not  recent 
and  that  the  original  mass  was  made  of  crystalline  iron  as  well 
as  of  iron  filled  with  crystals  of  olivine ;  in  other  words^  the 
masses  show  two  distinct  groups.  Of  these,  the  345-ponDd 
and  the  75-pound  ones  are  nickeliferous  iron  of  highly  octahe- 
dral structure  and  cleavage,  and  are  caillites,  while  the  othere 
are  meteoric  iron  containing  olivine,  and  belong  to  the  group 
known  as  pallasites. 

The  largest  mass,  a  pallasite,  weighs  466  ponnds,  or  211'8]8 
kilos.  It  is  thick,  slightly  flattened,  triangular  in  form,  some- 
what heart-shaped,  and  measures  through  the  longest  part  61 
centimeters,  or  24^  inches ;  across  the  widest  part  48  centime- 
ters, or  19  inches  ;  and  in  the  thickest  part,  87  centimeters,  or 
14i  inches.  It  is  covered  with  large  indentations  measurinj? 
10x6x3  centimeters.  The  coating  is  more  or  less  oxidized,  but 
the  olivine  is  perceptible  in  all  parts  of  the  mass.  The  dimen- 
sions of  the  345  pound  mass  [158*818  kilos]  are  60x37x29  cen- 
timeters, or  23JxI4J^xlli  inches.  It  is  slightly  arch-shaped,  is 
an  iron  with  many  pittings,  and  shows  the  characteristic  mag- 
netic oxide  of  iron  crust.  The  219-pound  mass  [99*535  kilos] 
measures  51x41x26  centimeters  [20^x16^x10^  inches;  in  form 
like  a  three-sided  pyramid.  The  211-pound  mass  [95*909  kiloe] 
is  somewhat  rounded,  with  a  circular  depression  on  one  side. 

There  are  two  masses  weighing  125  pounds  [58*863  kiloe] 
and  54*90  pounds  [25*084  kilos]  respectively.  The  101  o-pound 
mass  [46136  kilos]  is  almost  round,  measuring  85x26x27  cen- 
timeters [13f  xlO^xlOf  inches].  The  exterior  is  evenly  pitted, 
and  the  center  of  each  pitting  is  occupied  by  an  olivine  crvs- 
tal.  The  75-pound  one  [34  09  kilos]  is  an  iron,  and  measures 
32x22^x15  centimetres  [12^x8^x5^  inches],  in  shape  like  a 
pear*  or  ham  covered  with  pittings.  The  crust  has  been 
changed  somewhat  by  weathering.  The  71*5  pound  mass 
[32*485  kilos]  measures  27x23x22  centimeters  [10ix9x8f 
inches].  It  is  a  jagged,  irregular  s(iuare,  and  shows  olivine 
crystals  all  over  the  exterior.  The  60-pound  mass  [27*272 
kilos]  measures  36x21x17  centimeters  [14|^x8x6J  inches].  It 
is  an  elongated,  rounded  piece,  with  one  large  flat  side  show- 
ing large  spaces  filled  with  olivine.  The  40-pound  [18*181 
kilos]  measures  22x21x13  centimeters  [8^x8^x5^  inches],  of 
irregular  shape,  with  one  large  projecting  point.  The  36- 
pound  mass  [16-363  kilos]  measures  22x22x16  centimeters 
[8ix8Jx6]:  inches.  It  is  a  flattened  spheroid,  containing  some 
olivine,  but  almost  entirely  iron,  showing  large  pittings  like 
the  75-pouiHi  or  tlie  345-pound  masses. 

There  are  seventeen  or  eighteen  small  masses  weighing  18, 
12,  7,  6,  5,  3  and  1  pounds  respectively,  and  a  few  weighin/^ 
only  one  ounce  each.     The  211  and  6  pound  masses  belong  to 
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the  University  of  Minnesota;  the  126-pound  mass,  to  Harvard 
University;  the  101*5  to  Yale  University;  the  218i  and  the 
54'96-pound  masses,  to  the  University  of  Kansas ;  the  others 
are  in  the  collection  of  the  writer. 

The  specific  gravity  of  the  pieces  is  very  variable,  and  was 
found  to  be  as  follows: — of  the  6-pound  mass,  5  17;  40-pound 
mass,  6*41;  71*5-pound  mass,  5*22;  75-pound  mass,  7'27; 
345-pound  mass,  about  the  same  density  as  the  last ;  466-pound 
masB,  about  the  same  densitv  as  the  71  5  pound  mass.  The 
followiiije  analyses  of  the  Kiowa  meteorites  were  made  by 
Mr.  L.  (J.  Eakins  in  the  laboratory  of  the  United  States  Geo- 
logical Survey : 

Iron.  OUylne.  Dark  Outer  Zone  of  OIlTlne. 

Fe 88-49  SiO    40-70         SiO, 34-14 

Ni 10-35  AI,0, tr         FcO 23-20 

Co -67  Fe,0. -18         NiO tr 

Cu -03  FeO 10.79         CoO -03 

P -14  NiO -02         MnO -09 

S -08  MnO -14         MgO 40-19 

C tr  MgO 48-02         IS 5-42 

St tr  

99-86  103-07 

99-66  Less  O  for  S     2-71 


100-36 


The  specific  gravity  of  the  iron  freed  from  olivine  was  found 
to  be  7-93  at  234°  Celsius;  of  the  olivine,  3*376  at  23-2°. 
The  iron  is  brilliant  white,  enclosing  the  troilite,  and  surround- 
ing the  olivine  crystals.  Occasionally  small  etched  surfaces 
show  delicate  figures  like  that  of  the  Linnville  Mountain  me- 
teorite. Troilite  exists  plentifully,  in  rounded  grains  from 
one  to  five  millimeters  in  diameter,  and  in  thin  folia  mixed 
with  and  surrounding  the  olivine  crystals,  as  well  as  running 
into  and  filling  small  spaces  in  the  body  of  the  iron,  either  as 
flat  plates  or  rounded  masses.  Several  flat  circular  plates 
[crystals?]  of  graphite,  two  millimeters  in  diameter,  were 
observed. 

The  olivine  crystals  are  very  brilliant,  and  break  out  entire, 
the  faces  on  many  of  them  being  distinct  enough  to  allow  of 
measurement  of  the  angles.  The  spaces  from  which  they 
break  are  highly  poh'shed,  showing  every  crystal  face  with  a 
mirror-like  luster:  and  in  the  center  there  is  a  coating  of  a 
shining  mineral  that  is  jet-black  in  color,  and  crushes  into  a 
jet-black  powder.  Many  of  the  olivine  crystals  are  in  two 
distinct  zones, — the  inner  half  a  bright  transparent  yellow,  the 
outer  a  dark-brown  iron  olivine.  In  reality  this  dark  zone  is 
in  intimate  mixture  of  troilite  and  olivine,  as  the  analysis  of 
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Mr.  Eakins  and  a  microecopical  examinatioii  of  the  crysUb  hj 
Mr.  J.  S.  Diller,  of  the  UDited  States  Geological  Survey,  Mj 
prove. 


This  group  of  meteorites,  which  has  recently  cotne  to  me 
for  description,  popsesscs  more  than  ordinary  interest,  on  ac 
count  both  of  ilie  pecnliar  composition  and  stmctare  and  iIm 
of  the  undoubted  ethnological  relation,  especially  bccaose  of 
its  probable  connection  with  the  meteoric  iron  found  in  the 
Turner  mounds. 

In  the  spring  of  1883,  Professor  F.  W.  Pntnam  fonnd  on 
the  altar  of  mound  No.  3  of  the  Turner  group  of  inonndR,  it 
the  Little  Miami  Valley,  Ohio,  several  ear-ornaments  made  of 
iron,  and  several  others  overlaid  with, iron.  With  these  were 
also  found  a  number  of  separate  pieces  that  were  thongbtto 
be  iron.  They  were  covered  with  cinders,  charcoal,  pearls 
[two  bushels  were  found  in  this  group  of  mounds],  and  otler 
material,  cemented  by  an  oxide  of  iron,  showing  that  the 
whole  had  been  subjected  to  a  high  temperature.  On  remov- 
ing the  scale.  Dr.  Keniiicntt  found  that  they  were  made  of 
iron  of  meteoric  origin.*  One  of  the  pieces  weighed  28  and 
the  other  52  grains. 

In  the  autumn  of  1S83,  a  mass  was  found  on  the  altarof 
mound  No.  +  of  this  same  group,  which  weighed  767'5  grams 
[27*25  onneesj.  Dr.  Kennicutt  suggested  that  these  were  all 
I)arts  of  some  larger  meteoric  mass.  The  results  of  the  inves- 
tigation were  published  in  connection  with  the  description  of 
the  Atacama  meteorites,  because  in  structure  they  approach 
more  closely  to  the  latter  than  to  tlmsc  of  any  other  oecnrrence 
known  at  tfiat  time.  In  the  Liberty  group  of  mounds  in  the 
same  valley,  I'rofessor  Putnam  found  a  celt  five  inches  long, 
and  in  another  of  the  Turner  mounds  an  ornament  five  inchef 
long  and  three  inches  wide,  made  also  of  the  same  meteoric 
iron. 

•SiitBflnth  and  seven tten til  reports  of  Hip   Peabodj  HuBeum  of  ArcbiwlogJ. 
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The  Carroll  County  meteorite  wae  found  in  1880,  about 
iree-quarters  of  a  mile  from  Eagle  Station,  Carroll  County, 
lentucky,  ten  miles  from  the  mouth  of  the  Kentucky  River, 
ad  about  seven  miles  in  a  direct  line  from  both  the  Kentucky 
nd  the  Ohio  Rivers.  The  distance  to  the  Turner  mounds, 
'here  Professor  Putnam  found  the  meteoric  iron  and  the 
maments  made  of  it,  is  about  sixty  miles.  The  mass,  which 
reiffhed  about  eighty  pounds,  or  36*5  kilos,  was  rusted  on  the 
ipd^Mse  to  a  depth,  in  some  places,  of  10  to  12  millimeters; 
fid  deep  pits,  some  two  centimeters,  across,  are  observed  in  the 
pots  where  grains  of  olivine  have  probably  dropped  out. 
.he  meteorite  was  largely  made  up  of  fine  yellow  transparent 
•livine  resembling  that  of  the  famous  Pallas  iron,  with  a 
peeific  gravity  of  4*72. 

Taking  the  specilic  gravity  of  the  iron  at  7  6,  and  that  of 
he  olivine  at  3*3,  we  hnd  that  the  Turner  monnd  meteorites 
ionsist  of  about  three  parts  of  olivine  to  one  of  iron.  Several 
)f  the  Kiow^  masses  have  about  the  same  constitution.  For 
comparison,  see  the  analyses  of  the  Kiowa  meteorites,  given 
ibove,  and  of  the  olivine  and  iron  from  the  Turner  mound,* 
liere  inserted,  as  follows : 

OliTine.  Iron. 

SiO, 40-02         Fe 89-00 

FeO 14.06         Ni 1065 

MnO   O-IO         Co 045 

MgO 45-60         Cu tr 

99-78  100-10 

When  the  Carroll  County  iron  was  described  by  the  author 
Xk  this  Journal  (vol.  xxxiii,  March,  1887),  it  was  suggested 
;hat  the  pieces  found  by  Professor  Putnam  in  the  Miami 
Hounds  had  probably  been  taken  from  that  mass,  since  no 
>ther  olivine  meteorite  had  up  to  that  time  been  found  in 
S^orth  America;  while  that  of  Carroll  County  contained  a 
large  percentage  of  olivine,  even  greater  than  the  mound 
mecimens.  Very  little  cutting  had  been  done  on  the  Carroll 
County  mass ;  and  it  proved  on  being  cut,  not  to  be  a  pallasite, 
but  a  brahinite  variety  of  meteorite.  In  the  Little  Miami 
iralley  meteorite  are  embedded  circular  grains  or  crystals  of 
olivine  ;  whereas  that  of  the  Carroll  County  consists  of  a  mass 
}f  olivine  in  which  the  iron  serves  as  a  filling  between  the 
crystals.  When  a  section  was  cut  from  the  Kiowa  County 
material,  however,  there  appeared  no  doubt  as  to  the  identity 
of  this  fall  with  that  from  which  the  ear-rings  were  made  that 
«rere  found  in  the  mound.     In  both  the  Kiowa  County  and 

*KeiiQicutt;  1 6th  and  17th  Reports  of  the  Peabody  Museum  of  Archajology, 
p.  382. 
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the  inoand  specimens  the  body  of  the  meteorite  Ib  iron,  in 
which  are  imbedded  circular  masses  or  crystals  of  olivine. 
The  fact  that  in  connection  with  the  lar^  Kiowa  masses  i 
number  of  small  portions,  weighing  from  half  a  pound  to  six 
pounds  each,  were  found,  makes  it  very  probable  that  a  snull 
mass,  of  perhaps  three  or  four  pounds,  had  been  conveyed  by 
the  Indians  to  the  Ohio  valley.  Probably  the  two  ear-riiu^  in 
the  collection  of  Mr.  Warren  K.  Moorhead,  recently  found  by 
him  at  Fort  Ancient,  Ohio,  may  have  been  made  from  aput 
of  the  mass  weighing  767*5  grams,  which  is  now  in  the  Htr- 
vard  University  collection. 

I  must  here  express  my  indebtedness  to  Professor  F.  H. 
Snow  for  information,  and  particularly  to  Professor  Bobeit 
Hay  for  aiding  me  in  procunng  many  of  the  meteorites  and 
assisting  greatly  to  obtain  exact  data  by  visiting  the  place  of 
discovery,  and  to  secure  the  illustrations  ;  as  also  to  Mr.  L  G. 
Eakins  for  making  the  analyses,  and  to  Professor  F.  W.  Clarke, 
of  the  U.  S.  Geological  Survey,  for  his  courtesy  in  having 
them  made  at  the  Survey  Laboratory. 

2.   On  the  Winnebago  County^  lowa^  Meteorite.* 

On  Friday,  May  2,  1890,  at  5.15  P.  M.,  standard  Western 
time,  a  meteor  was  observed  over  a  good  part  of  the  State  of 
Iowa,  It  is  described  as  a  bright  ball  of  fire,  moving  from 
west  to  east,  leaving  a  trail  ot  smoke  which  was  visible  for 
from  ten  to  fifteen  minutes ;  it  was  accompanied  by  a  noise, 
likened  to  that  of  heavy  cannonading  or  of  thunder,  and  many 
people  nished  to  their  doors,  thinking  it  was  the  rumbling  of 
an  earthrjuake.  Substantiated  reports  have  been  received 
from  DesMoines,  Mason  City,  Fort  Dodge,  Emmetsburg,  Al- 
gonia,  Kuthven,  Humboldt,  Britt,  Garnet,  Grinnell,  Sioux 
City  and  Forest  City ;  the  noise  was  also  heard  at  Chamber- 
lain,  South  Dakota.  Some  of  these  places  were  distant  more 
thaTi  a  hundred  miles  from  the  point  where  the  meteor  fell. 
It  exploded  about  eleven  miles  northwest  of  Forest  City,  at 
Leland,  Winnebago  County,  in  the  center  of  the  northern 
part  of  Iowa,  latitude  43°  15',  longitude  93°  45'  west  of 
Green wich,  near  the  Minnesota  State  line,  and  the  fragments 
were  scattered  over  an  area  one  mile  wide  and  nearly  two  miles 
long.  Up  to  the  present  time,  there  have  been  found  masses 
weighing  respectively  eighty  pounds,  sixty-six  pounds  and  ten 
pounds,  two  of  four  ])ounds  and  about  five  hundred  fragments 
weighing  from  one-twentieth  of  an  ounce  to  twenty  onnces 
each,  while  a  part  of  the  mass  is  believed  to  have  passed  over 
into  Minnesota.  The  pieces  are  all  angular,  with  rounded 
edges. 

*  Read  before  the  New  York  Academy  of  Sciences,  May  12,  1890. 
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The  meteorite  is  a  typical  chondrite,  apparently,  of  the  type 
of  the  Parnallite  group  of  Meunier,  which  fell  February  28, 
1857,  at  Paraallee,  India.  The  stone  is  porous,  and  when  it  is 
placed  in  water  to  ascertain  its  specific  gravity,  there  is  a  con- 
siderable ebullition  of  air.  The  specific  gravity,  on  a  fifteen- 
gram  piece,  was  found  to  be  3-638.  The  crust  is  rather  thin, 
opaque  black,  not  shining,  and,  under  the  microscope,  is  very 
soonons,  resembling  the  Knyahin va,  Hungary,  and  the  West 
Liberty,  Iowa,  meteoric  stones.  A  broken  surface  shows  the 
interior  color  to  be  gray,  spotted  with  brown,  black  and  white, 
containing  small  specks  of  meteoric  iron,  from  one  to  two 
millimeters  across.  Troilite  is  also  present  in  small  rounded 
masses  of  about  the  same  size.  On  one  broken  surface  was  a 
very  thin  scum  of  black  substance,  evidently  graphite,  soft 
enoagh  to  mark  white  paper ;  a  feldspar  (anorthite)  was  like- 
wise observed,  and  enstatite  was  also  present. 

Results  and  analyses  furnished  by  L.  G.  Eakins. 

Approximate  composition  of  the  miM.  Anftlyait  of  the  Nickeliferona  Iron. 

Nickeliferous  iron 19*40  Fe 92-66 

Troilite 6-19  Ni 6-11 

Silicates  soluble  in  HCL.  86-04  Co -66 

Silicates  insoluble  in  HCl.  38-37  P tr 


99-41 


Specific  gravity  of  the  mass,  3-804  at  28-5°  Celsius. 
Analysis  of  the  siliceous  portion,  with  the  magnetic  extracted. 

Solable  in  HOI. 

(1.) 
810,  ...   n-82 

(  601  FeO,  equiv.  to  ) 
PW) 14-27  •}  4-67  Fe,     required}- 

(  bySto  formFeS     ) 
NiC...        17 
MnO.-        tr 

CbO -31 

MkO...   18-28 
AUmHes         tr 

8 2-67    [2-678  to  form  FeS] 

P,Oft ...        tr 

53-52 
OforS.     1-34 

5218  i  I 

The  approximate  composition  of  the  mass  #wa8  got  by  ex- 
tracting everything  possible  by  an  electro-magnet,  which  took 
ont  all  the  nickel  iron  and  a  little  troilite,  leaving  the  siliceous 
part  and  most  of  the  troilite.  Then  the  amount  of  S  present 
m  the  magnetic  portion,  and  that  in  the  siliceous  portion,  was 
calcmlated  as  FeS;  the  silicates  were  split  into  two  portions  by 


Cftlc.  to 

100  p.  c.      Insoluble  in  HCl. 

CkIc.  to 
lUO  p.  C  . 

(2.) 
17-82 

(8) 

39-74  SiO, 

(4.) 

26-49 

(5.) 
5551 

AUG,.... 

2-59 

5-43 

8-26 

18-42  CraO,.... 

-12 

-25 

FeO 

4-49 

9-45 

•17 

•38  NiO 

tr 

tr 

.     CaO 

1-45 

3-00 

•31 

•69  MgO  .... 

11-50 

24.09 

18-28 

40-77   KaO 

•07 

•15 

tr 

Na,0.... 

1-01 

2.12 

tr 

47-72 

100-00 

44-84 

100-00 
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HCl,  and  by. the  weights  found  in  each  case,  the  given  approx- 
imate eompoBitiou  was  calculated.  Under  the  head  of  analpis 
of  nickeliierous  iron  is  given  the  analysis  of  the  metallic 
portion  after  allowing  for  a  very  slight  amount  of  attached 
silicates  and  troilite. 

The  analyses  numbered  from  1  to  5  are  the  residue  left  after 
removing  all  the  magnetic  material.  Column  1  is  the  part 
soluble  m  IlCl,  column  4  that  insoluble  in  HCl ;  these  two 
added  together  would  give  the  analysis  as  a  whole  of  the  non- 
magnetic portion.  Column  2  is  the  same  analysis  as  1,  after 
removing  the  2*67  per  cent  S  and  an  amount  [6H)1 
of  FeO  equivalent  to  the  Fe  necessary  to  form  troi 
the  S.  Column  3  is  the  same  as  2  calculated  to  100  par.^ 
Column  4,  as  stated,  is  the  analysis  of  the  insoluble 
and  5  is  the  same  to  100  per  cent.  It  is  of  coarae 
that  the  Cr.O,  represents  chromite,  and  possible 
alkalies  and  alumina  with  a  little  lime  represent  a  flodftSme 
feldspar. 

The  thanks  of  the  author  are  due  to  Mr.  L.  G.  Ealdiis  for 
the  analysis  and  results  furnished,  and  to  Professor  F.  W. 
Clarke  for  his  courtesy  and  assistance  by  having  the  analyses 
made  in  the  U.  S.  Geological  Survey  Laboratory. 

3.  Of  I   the   Meteoric  Stone  from   Ferguson,   Haywood  County, 

North   Carolina. 

Mr.  \V.  A.  Harrison,  of  Ferguson,  Haywood  County,  North 
Carolina,  says :  that  about  six  o'clock  on  the  evening  of  July 
18,  1881),  lie  noticed  a  remarkable  noise  west  of  him,  and  that 
fifteen  minutes  later  he  saw  something  strike  the  earth,  which, 
on  examination,  proved  to  be  a  meteoric  stone,  so  hot  that  he 
could  scarcely  hold  it  in  his  hand  five  minutes  after  it  fell 
Two-thirds  oi  its  bulk  was  buried  in  the  earth  when  found. 
This  stone  was  sent  to  the  writer  and  was  unfortunately  lost  in 
New  York  citv  durino:  the  month  of  December.  The  stone 
was  slightly  oblong,  covered  with  a  deep,  black  crust,  which 
had  been  broken  at  one  end,  showing  a  great  chondritic  struc- 
ture with  occasional  specks  of  iron.  Its  weight  was  about 
eiiclit  ounces:  and  it  verv  closely  resembled  the  meteoric  stone 
from  Mocs,  Transylvania.  It  remained  in  the  writer's  posses 
sion  so  short  a  time  that  it  was  not  properly  investigated, 
but  still  the  mere  mention  of  a  fall  which  had  been  so  care- 
fully observed  js  thought  to  be  well  worthy  of  publication. 

4.  Meteoric   Iro7i    from    Jirichjewater^   Burke    County,    Korth 

diroliiUL 

The  Bridijewater,  Burke  County,  meteorite  was  found  bv  a 
negro  plowman,  two  miles  from   Bridgewater  Station,  in  the 
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part  of  Burke  County,  near  the  McDowell  Connty 
North  Carolina,  latitude  35°  41',  longitude  81°  45' 
Greenwich.  The  negro  thought  that  it  must  be  either 
eilver,  from  ite  weight,  and  took  it  to  some  railroad 
,  who  broke  it  in  two  pieces,  one  of  which  weighs 
a  half  pounds,  and  the  other  eighteen  and  a  half  poundB, 
'  30  pounds,  equal  to  IS'63  kilos.  It  measures  22^x15 
[9x6x4  inches.]     [See  tig.  1]. 


»  of  black  crust  very  much  oxidized  are  still  visible  on 
ace.  The  iron  is  highly  octahedral  in  structure,  and 
S8  was  readily  broken  by  the  laborers  who  found  it, 
Q  the  cleavage  plates  schreibersite  is  visible.  On  etch- 
)lished  surface  of  this  iron  with  dilute  nitric  acid,  the 
jristic  Widmanstatten  figures  were 
{sec  fig.  2).  The  iron  belongs  to  the 
group  and  resembles  those  of  the 
Creek  and  Glorietta  Mountain  in 
•e.  The  specific  graviU'  of  a  frag-.  I 
as  found  to  be  6-617.  The  following  ' 
,  was  kindly  furnished  by  Professor 
'enable  of  the  University  of  North  Carolina. 

Fe 88-90 
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The  nickel  is  the  mean  of  two  determinations,  d'74  and 
10'14,  on  different  parts  of  the  sample;  the  cobalt  also  of 
two  determinations,  85  and  67.  The  iron  is  the  mean  of 
four  determinations,  some  of  which  were  not  very  closely 
agreeing,  as  the  crust  could  not  be  entirely  removed  from  the 
samples  taken.  The  phosphorus  and  chlorine  are  single  d^ 
terminations.  The  author  takes  great  pleasure  in  thankinf; 
Mr.  T,  K.  Brunner  for  lits  conrtesy  in  obtaining  the  informa- 
tion and  the  iron  for  him,  and  also  Professor  F.  P.  Venable 
for  furnishing  the  analysis. 


3.  Meteoric  Iron  from  Siimmil,  Blount  County,  Alabama* 

This  mass  of  meteoric  iron  was  found  near  Summit,  Blount 
County,  Alabama,  latitude  33^  41',  longitude  86"  25'  we«t  of 
Greenwich,  in  Fraction  A,  Section  "2,  Township  1 0,  Range  1, 
east,  by  a  six-year-old  negro  girl  who  used  it  to  crack  hickorj 
nuts.  Its  great  weight  excited  some  curiosity,  and  her  brother 
sent  it  to  Mr.  St.  John,  of  Summit,  and  throngh  the  courtesy 
of  Professor  Eugene  A.  Smith  it  passed  into  the  possession  of 
the  writer.  It  measures  12-5x5x75 centimeters  [5x2x3  inches] 
and  weighs  one  kilogram  [2  2  pounds]. 


This  meteorite  contains  a  large  quantity  of  free  chloride  of 
ron  [Lawrencite]  which  from  time  to  time  has  formed  in  beads 
1  the  surface.  It  showed  only  a  slight 
trace  of  the  original  crnst  and  was  almost 
inpletely  oxidized  ;  and  on  etching  a 
f  polished  surface  of  this  iron  with  nitric 
cid  no  Widmanstatten  figures  were  de- 
■eloped,  hut  instead  a  fine  marking 
similar  to  that  of  the  Linnville  Moun- 
tain. X.  C  meteorite  The  specific  gravity  of  a  fragment  was 
ii'y40.  The  following  analysis  was  kindly  given  by  Professor 
F.  P.  Veuable  of  the'  Tnivcrsity  of  Xorth  Carolina  : 

•  Traiia,  X.  V.  Acini.  Sciences,  Jnn.  2",  1890. 
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The  iron  is  the  mean  of  three  fairly  agreeing  determinations, 

e  nickel  of  two  determinations,  5 '61  and  5*63,  the  cobalt  of 

ro  determinations,  and  the  phosphorus  is  a  single  determina- 

)n. 

We  take  great  pleasure  in  thanking  Professor  Eugene  A. 

nith  for  bis  assistance  in  obtaining  the  iron,  and  Professor  F. 

.  Venable  for  furnishing  the  analysis. 


BT.  XLIII. —  On  the  deter miiiatio^i  of  the  coefficient  of  cu- 
bical  expansion  of  a  solid  froTii  the  observation  iyf  the 
iemperaiure  at  which  water^  in  a  vessel  made  of  this  solids 
lias  the  same  apparent  volume  as  it  has  at  0°C.;  and  on 
the  coefficient  of  cubical  expansion,  of  a  substance  deter- 
mined by  7neans  of  a  hydrometer  made  of  this  substance ; 
by  Alfred  M.  Mayer. 

6«d  before  the  National  Academy  of  Sciences,  at  Washington,  April  21,  1886.] 

The  curve  W  of  Fig.  1  shows  the  absolute  expansion  of 
ater.  The  unit  of  abscissffi  of  this  and  the  other  curves  is 
'  C,  the  unit  of  ordinatea  is  Tir^Ty^  of  the  unit  of  volume  of 
e  water,  this  unit  of   volume   being  at  0°  C.     The  curve 

shows  the  apparent  expansion  of  water  in  a  glass  vessel,  and 
irves  S,  C,  B  and  Z  are  the  respective  curves  of  the  apparent 
:pansion  of  water  in  steel,  copper,  brass  and  zinc  vessels, 
he  curve  W  cuts  the  axis  of  X  at  8°  4  centigrade ;  G  at 
.°-7  ;  S  at  r2°-8 ;  C  at  15°-3 ;  B  at  16°-3  ;  Z  at  21°-5.  These 
)int8  of  intersection  correspond  to  the  following  coefficients 

cubical  expansion ;  for  G,  -000025 ;  for  S,  000033  ;  for  C, 
0005 ;  for  B,  000056  ;  for  Z,  00009. 

Let  us  consider  the  curve  G.  The  curve  goes  below  W  be- 
uae  water  contracts  from  0°  to  4°,  and  the  glass  vessel  by 
ipanding  adds  to  this  fall  of  the  water.  Beyond  4°  the  water 
ipands  more  than  the  glass  and  at  ll°-7  the  expansion  of 
e  water  from  0°  to  11°*7  equals  the  expansion  of  the  glass 
rough  the  same  range  of  temperature,  and  the  curve  G  cuts 
e  axis  of  X  at  ll°-7.  Therefore,  to  obtain  the  cubical 
ipansion  of  the  glass,  or  of  any  other  substance  forming  the 
jssel,  we  have  merely  to  determine  the  temperature  at  which 
ater  has  the  same  apparent  volume  that  it  has  at  0°  C,  and 
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t  tliis  temperature  on  the  axis  of  X  we  measure  the  ordinate 
'f  the  curve  of  the  ahsolute  expansion  of  water,  and  this 
ordinate  gives  in  volume  the  expansioii  of  the  vesBel  in  the 
tetennined  range  of  temperature. 

The  second  method  of  determining  the  coefficient  of  cubical 
ixpaosion  is  that  of  floating  a  hjdrometer,  formed  of  tlie  sub- 
itance  whose  coefficient  we  would  determine,  in  water  at  0°  C. 
uid  then  gradually  heating  the  water  till  the  hydrometer  floats 
to  the  same  depth  it  did  when  the  water  was  at  0°  C.  Calling 
W"  the  weight  of  the  hydrometer,  and  Vj,  D^,  V,  and  D,  the 
respective  volumes  and  densities  of  the  water  at  0°  and  t°,  we 
bare  VoD„=W,  and  V,D,=  W,  and  if  Vp  and  D^  equal  unity 
we  have  V,=  l/Do  or,  the  volume  at  f  is  the  reciprocal  of 
the  density  at  t°,  which  is  the  same  as  if  we  took  v ,  directly 
from  the  curve  of  the  absolute  expansion  of  water.  Thus, 
by  having  the  tnie  curve  of  the  absolute  expansion  of  water, 
Doe  may  determine  by  either  of  the  two  methods  just  de- 
Kiibed,  the  coefficient  of  cubical  expansion  of  a  solid  without 
measares  of  volume,  of  weight  or  ot  linear  dimension. 

We  will  now  describe  the  apparatus 
osed,  give  some  measurements  made  with  it 
ind  discuss  the  accuracy  of  the  methods. 
Fig.  2  is  the  brass  vessel  used.  It  is  a 
cyUnder  25'4  cms.  long  and  6147  cms.  inte- 
rior diameter.  A  glass  tube  '208  cm.  diame- 
ter of  bore  is  connected  with  the  interior  of 
the  cylinder  as  shown  in  Fig.  4.  Into  a 
brass  tnbe  shown  black  in  the  figure  is  ce- 
mented the  glass  tube.  The  lower  opening 
[>f  these  tubes.  A,  is  ground  into  a  cone.  The 
jhonlder  of  this  tube  A  rests  on  a  thin  leather  f 
washer  on  the  top  of  the  tube  B.  A  screw- 
cap  forces  the  tube  A  into  close  contact  with 
B.  This  manner  of  attaching  the  glass  tube 
to  the  cylinder  was  devised  for  convenience 
in  onr  experiments,  but  the  glass  tubes  may 
be  directly  cemented  into  the  cylinder  and 
thus  do  away  with  the  inner  tube  and  screw- 
eap. 

The  cylinder  is  nearly  filled  with  distilled 
irater  and  a  rubber  tube  is  led  from  the  tube 
jf  the  cylinder  into  a  vessel  holding  boiling 
water.  The  water  in  the  cylinder  is  boiled 
[or  a  half  hour  and  then  the  heat  is  with- 
drawn. As  the  steam  condenses  the  vessel  fills  with  water. 
The  apparatus  is  allowed  to  cool  down  to  the  temperature  of 
the  room.     The  cylinder  and  glass  tube  is  now  sarrounded  with 
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ice,  and  when  the  level  of  the  water  in  the  tabe  has  remained 
stationary  for  15  minutes  it  ia  marked  by  pasting  on  the  tube  i 

fiiece  of  thin  tracing;  |.)aper  on  wiiich  is  drawn  in  ink  a  very  fine 
ine.  This  line  is  made  tangent  to  the  meniscus  of  the  water  by 
tlie  aid  of  a  cathetometor.  The  ice  is  now  replaced  bv  cold  witer 
which  ia  slowly  heated.  When  the  temperature  had  reached 
8°  C  the  volume  of  water  (in  this  special  apparatus)  had  fallen 
11  cms.  below  the  level  it  had  at  0°.  It  then  slowly  rose  till  «t 
15°-9  C.  it  reached  the  level  it  had  at  0°,  The  tempemtiire  of 
the  air  of  the  room  was  above  15°  9.  When  the  water  wa 
raised  to  12°  it  was  allowed,  under  constant  a^tation,  slowly 
to  reach  15°  9.  To  be  sure  that  this  was  the  temperature  of 
the  water  inside  the  vessel  the  water  outside  was  kept  *X  this 
temperature  by  adding  from  time  to  time  small  portions  of  cold 
water.     The  water  level  remained  the  same  for  10  minutes. 

Referring  to  a  curve  of  absolute  expansion  of  water  (drawn 
to  the  scale  of  1  mm.  =  T^uuVinr  '■^^  **"'*  "^  volume)  we  find  that 
the  ordinate  of  15''-9  is  10U0a53,  which  is  the  cubical  expan- 
sion of  the  brass  caused  by  heating  it  from  0°  to  15°9,  and 
•000853  divided  by  IS^^  gives  -00005364  the  coefficient  of 
cubical  expansion  of  brass  of  the  following  compositioD:  cop- 
per. 78-5  per  cent ;  zinc,  21'05  ;  lead,  0-25 ;  tin,  0-15. 

The  delicacy  of  the  method  depends  on  the  relative  dimen- 
sions of  the  vessel  and  tube.  In  the  apparatus  just  described 
the  intenor  diameter  of  the  vessel  is  6-147  cms;  its  length 
25-4 cms;    the   hereof  the  tube  is  '203  in  diameter;   hence 

(■-90¥  ^  2o-i]-^  1000=23-589,   the  length  in  cms.  that  the 

level  of  the  water  changes  for  a  change  of  -ntVir '"  '■^^  volume 

of  the  cylinder,  and  a  change  of  TFilinrir  o^  t'^^  volume  equals 

■023  em.,  or  -23  ram.,  of  motion  of  water  in  the  tube.     From 

the  curves  of  apparent  expansion  of   water  in  vessels  of  the 

following  named  materials  we  find  that  a  change  of  0°lu  in 

the  water  at  the  temperature  when  the  water  lias  the  same 

apparent   volume  as   at  0°  cfinals  a  change  of  volume  given 

opposite  the  respective  materials  forming  the  vessels  as  follows: 

±  0°-l  C.  causes  a  chaoge  uf  npparent  volumes  of  DOODOS  Id  b  gjasa  veeaeL 

'■  -  •'  -OIKI009    -'     steel 

"  "  ■■  •'  -000010    ■'     ccftper   " 


I 


'pom  above  data  we  compute  that  with  a  cylinder,  or  bulb. 
tabe  of  the  same  dimensions  as  those  of  the  brass  vessel 
-tnbe  described, 


Hilar  vessel  of  Elans. 


of  cubical  expan^on. 
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The  cathetometer  readily  detects  and  measures  a  motion  of 
1^  mm. ;  so  it  appears  that  a  change  of  temperature  of  -^^^ 
sanses  a  change  in  level  of  water  in  the  tube  which  can  observed. 
The  thermometer,  however,  was  read  only  to  ■^°, 

It  remains  to  examine  into  the  effect  of  tne  glass  tube  at- 
aushed  to  the  metallic  vessel.  This  tube  is  necessary  in  order 
»  observe  the  level  of  the  water,  but  to  get  a  rigorously  correct 
>b6ervation  the  vessel  and  tube  should  be  of  the  same  substance. 
The  effect  of  replacing  the  glass  tube  by  a  similar  one  of  the 
tame  material  as  that  of  the  vessel  is  readily  calculated  and  is 
^onnd  to  be  a  quantity  that  may  be  neglected.  Thus  in  a  brass 
tube  50  mm.  long  and  2*03  mm.  in  diameter  the  level  of  the 
water  at  the  higher  temperature  of  16°  will  stand  •014  mm. 
lower  than  in  a  glass  tube  of  the  same  dimensions,  and  at  21°'5 
the  water  will  be  "05  mm.  lower  in  a  zinc  tube  than 
in  one  of  glass. 

The  coefficient  of  cubical  expansion  of  glass  was 
determined  by  means  of  a  spherical  vessel  of  12  cm. 
diameter  with  a  tube  of  2*5  mm.  interior  diameter. 
The  level  of  the  water  in  this  vessel  was  the  same  at 
ll°-75  and  at  0°.     The  volume  of  water  at  11° -75  is 


1-OOOS  and 


of  thu 


=  -0000255  the  coefficient  of  cubical 


expansion  of  this  kind  of  glass.  Kopp  gives  "000024 
and  '000026  as  the  coefficients  for  a  similar  soda  glass. 
The  coefficient  of  expansion  hydrometer  was  used 
to  determine  the  coefficients  of  expansion  of  brass 
and  of  hard  rubber,  or  ebonite.  The  hydrometer,  fig. 
3,  was  made  of  the  same  kind  of  brass  as  that  form- 
ing the  cylinder  used  in  the  determination  of  this 
coefficient.  The  cylinder  of  the  hydrometer  is  25*5 
cm.  long  terminated  by  cones.  Its  diameter  is  7*3 
cm.  The  stem  of  the  hydrometer  is  a  brass  tube  of 
2  mm.  exterior  diameter.  The  hydrometer  of  hard 
mbber  is  a  cylinder  21*5  cm.  long  and  6*5  cm.  in  di- 
ameter with  a  stem  2  mm.  in  diameter.  To  float 
these  hydrometers  in  water  at  0°  and  at  a  higher 
teniperature,  a  pointed  rod,  as  shown  in  the  figure, 
was  used.  This  point,  by  just  touching  the  surface 
of  the  water,  showed  the  depth  of  flotage.  These 
hydrometers  were  made  to  float  in  water  at  0°,  with 
their  index-points  iust  touching  the  surface  of  the 
water,  by  loading  them  with  fine  shot.  The  water  was  then 
slowly  heated  and  it  was  found  that  the  brass  hydrometers 
floated  to  the  same  depth  at  0°  and  at  15°*85,  and  the  hard  rub- 
ber hydrometer  had  the  same  depth  of  flotage  at  0°  and  at 
38°-55. 
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The  volume  of  water  at  15°  85  equals  1-060846,  and  '^UW 
=  '0000533,  the  coefficient  of  cubical  expansion  of  the  msL 
The  previous  determination  with  the  brass  cylinder  gave 
•0000536. 

The  volume  of  water  at  38° -55  is  1*00697,  and  '117/= 
•0001808,  the  coefficient  of  expansion  of  hard  rubber.  Mer- 
cury has  at  30°  a  coefficient  of  '0001805.  Hard  rubber  has 
the  greatest  coefficient  of  any  solid.  To  show  on  the  curve  of 
apparent  expansion  of  water  in  a  vessel  of  hard  rubber  its 
points  of  intersection  of  the  axis  of  a?,  on  the  scale  of  jfig.  1,  tlie 
axis  of  X  would  have  to  be  extended  -^  of  its  present  length. 

These  determinations  with  the  hydrometer  have  the  advan- 
tage of  those  made  by  observations  on  the  volume  of  water 
contained  in  a  vessel,  because  the  metal  of  the  hydrometer 
changes  its  temperature  with  that  of  the  water,  which  is  not 
the  case  with  the  vessel  filled  with  water,  whose  temperature 
lags  behind  that  of  the  ouj^side  water.  This  makes  the  obser- 
vation oil  the  upper  temperature  of  the  water  in  the  vessel 
tedious  and  not  precise  unless  the  precautions  are  taken  which 
we  have  already  mentioned. 

The  accuracy  of  this  method  of  determining  the  mean  coef- 
ficient of  expansion  of  water,  in  the  determined  range  of  tem- 
perature, depends  on  having  the  water  in  the  vessel  and  the 
substance  of  the  hydrometer  at  the  same  temperature  as  the 
water  surrounding  these  bodies.  This  can  be  obtained  to  jV°  C. 
In  the  case  of  a  vessel  filled  with  water  we  have  already  stated 
the  precautions  necessary.  The  hydrometer  is  floated  in  water 
at  0  by  surrounding  with  ice  a  vessel  holding  water  which  has 
already  been  cooled  to  0°  and  from  which  the  floating  ice  has 
been  removed. 

The  accuracy,  however,  of  this  method  depends  essentially 
on  having  the  true  curve  of  the  absolute  expansion  of  water 
between  0°  and  30°.  It  is  not  possible  to  say  to  what  approxi- 
mation we  have  this  tnie  curve ;  but  that  it  is  quite  close  raav 
be  inferred  from  the  following  account  of  how  Rossetti  pro- 
jected a  curve  which  is  the  best  we  have  at  present. 

Frof.  F.  Rossetti  describes  his  experiments  and  the  manner 
of  obtaining  the  curve  in  the  Atti  dell'  Instituto  Veneto,  vol. 
xiii,  3  series,  1868.  Rosetti's  new  determination  of  the  volume 
of  water  at  various  temperatures  between  —6°  and  100°  were 
made  with  every  precaution  to  ensure  accuracy.  He  then 
combines  the  results  of  his  experiments  in  a  curve  projected 
according  to  the  method  of  Schiapparelli.*  He  then  combined 
his  results,  thus  reduced,  with  those  of  Depretz  (1839) ;  Kopp 

*  Schiapparelli,  Sul  modo  di  ricavare  la  vera  expressione  deU^  leggi  della 
DAtura  daUe  curve  empiriche;  Nuovo  CimeDto,  Tomo  xxv,  1867;  e  Tomo  zxri 
1867. 
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(1847);  Pierre  (1846-^2);  Hagen  (1855);  and  Matthiesen 
(1866).  These  six  series  of  determinations  were  also  combined 
by  the  method  of  Schiapparelli  and  the  resultant  curve  Eos- 
setti  adopted  as  the  most  accurate  attainable  from  existing 
data.  From  this  curve,  in  which  1  mm.  of  ordinate  equalled 
i^^^^f^  of  the  volume  of  water  at  0°  C,  he  obtained  tne  fol- 
lowing formula  which  represents  the  curve  quite  closely. 

V,  =  1  +  a(«  -  4)«  —  h(t  -  4)**  +  c(t  -  4)" 
when 
a=  -00000837991 ;  b  =  000000378702  ;  c  =  -0000000224329. 

From  Rossetti's  table  of  the  relations  of  the  volume,  density 
and  temperature  of  water  we  extract  the  following  data  which 
are  all  that  will  be  required  in  their  application  to  our  method 
of  determining  the  coefficient  of  cubical  expansion. 


Temp.  C**. 

Volume. 

Temp. 

0°.      Volume.              Temp.  C°. 

Volume. 

0 

1-000000 

14 

1-000572                    28 

1003563 

1 

•999943 

15 

1-000712                    29 

1-003835 

2 

•999902 

16 

r000870                     30 

1004123 

3 

•999880 

17 

1001031                     31 

100442 

4 

•999871 

18 

r001219                     32 

1-00473 

5 

•^99881 

19 

1001413                     33 

1-00505 

6 

•999901 

20 

r001614                    34 

1-00538 

7 

•999938 

21 

1-001828                     35 

1-00572 

8 

•999985 

22 

1002049                     36 

100608 

9 

1  000047 

23 

1002276                    37 

100645 

10 

1000124 

24 

1002511                     38 

1  00682 

11 

1*000216 

25 

1^002759                     39 

1-00719 

12 

1000322 

26 

1003014                     40 

10075T 

13 

1*000441 

27 

1003278 
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Physics. 

1.  Steam  CcUorimeter, — K.  Wibtz  has  modified  the  steam 
calorimeter  of  Bunsen  and  Jolly  and  has  shown  how  the  method 
of  these  investigators  can  be  employed  to  measure  the  latent  heat 
of  vapor  of  substances  with  low  boiling  points.  A  weighed 
amount,  G,  of  the  substance  is  vaporized  in  the  steam  of  the 
calorimeter.  Heat  is  withdrawn  from  the  steam  and  a  portion  of 
the  latter  is  condensed.  Calling  to  the  weight  of  the  condensed 
steam,  X  the  latent  heat  of  steam,  the  latent  heat,  Q,  of  the 
vapor  of  the  substance  between  the  temperature  before  it  is  put 

into  the  calorimeter  and  its  boiling  point  will  be  Q=-t:7-.     The 

author  discusses  the  sources  of  error.  The  results  obtained  by 
him  are  in  general  smaller  than  those  obtained  by  Regnault, 
Person  and  Andrews.  This  failure  of  agreement  is  attributed 
by  the  author  to  the  use  of  impure  substances  by  the  previous 
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observers.  As  an  illnstratioD  of  the  effect  of  impurity  of  sab- 
stance  he  instances  ethyl  ether;  distilling  this  substance  over 
sodium  a  loss  of  only  0-7  of  one  per  cent  resulted,  whereas  then 
was  a  diminution  of  five  per  cent  in  the  value  of  the  latent  hnL 
—Ann.  der  Physik  nnd  Chemie,  No.  7,  1870,  pp.  438-449.   j.  i. 

!i.  A  Mountain  Magnetometer. — O.  E.  Mktkb  has  adapted 
the  method  of  observation  employed  by  Koblrauscb  with  ibe 
variometer  to  a  new  instniment.  Both  the  movable  needle  and 
the  controlling  magnet  move  in  a  vertical  plane  instead  of  in  i 
horizontal  one.  The  instrument  is  thus  a  species  of  dippinic 
needle  or  a  vertical  variometer.  The  author  finds  it  well  adspUd 
to  observiug  the  attraction  of  large  masses  of  rock,  and  to  not- 
ing changes  in  the  magnetic  field  in  various  parts  of  observatories 
and  laboratories  caused  by  variations  in  the  magnetic  condition 
of  the  materials  of  which  these  buildings  are  constructed.  Ob- 
servations with  this  new  instrument  show  tfaat  large  variatiaoi 
frequently  observed  in  buildings  can  be  attributed  as  much  to 
change  of  direction  of  the  magnetic  force  as  to  change  in  toul 
value.  The  iustrument  is  constructed  by  W.  Sledentopf,  Univer- 
sity  Mechanic  in  WQrzburg. — Ann.  der  Physik  unit  Chetnit, 
No.  7,  1890,  pp.  489-004.  j.  t. 

a.  Velocity  of  Transmistaon  of  Electric  Disturbances. — Mai- 
well's  theory  of  light  demands  that  the  velocity  of  transmiasioa of 
electric  disturbances  along  a  wire  should  be  equal  to  the  velocity 
of  light  through  the  dielectric  surrounding  the  wire.  The  velocity 
is  thus  determined  by  the  surrounding  dielectric  in  which  the 
energy  resides.  Professor  J.  J,  Thomson  has  made  a  number  of 
expermienls  upon  this  subject  and  finds  that  the  velocity  of  elec- 
tric disturbances  along  wires  surrounded  by  air  is  1  '7  times  the 
velocity  along  the  wire  surrounded  by  sulphur.  ExperimeDts 
showed  also  that  the  velocities  along  wires  surroundea  by  air, 
paraffin  and  sulphur  are  approximately  proportional  to  the  recip- 
rocals of  the  1^quare  roots  of  their  specific  inductive  capacities. 
The  velocity  of  propagation  of  a  rapidly  alternating  current  along 
an  electrolyte  surrounded  by  air  was  found  not  to  differ  much 
from  the  rate  along  a  wire.  Experiments  with  a  vacuum  lub* 
fifty  feet  long  and  a  revolving  mirror  showed  that  the  velocity 
of  discharge  through  the  rarefied  gas  was  comparable  with  tbe 
velocity  of  light.  The  experiments  on  the  rate  of  propagation  of 
electric  disturbances  lead  one  to  regard  the  conductor  as  merely 
gaiding  the  discharge,  "  the  correlation  between  the  ether  and  tbv 

IOOTiductOT  compelling  the  discharge  to  travel  along  the  latter  with 
^»  velocity  of  light,"  Professor  Thomson  then  discusses  tbe 
H^oation  of  his  observations  to  the  theory  of  electric  strise  in 
^nnm  tubes, — P/iil.  Mag.,  Aug.  1890,  pp.  129-140,  j.  t. 

^B  P/iotiphoro-pkotographa  of  the  vltra  red. — E.  Lommsl  hss 
^Kd  up  anew  the  method  of  Bccqucrel  of  obser\-ing  the  solir 
^Ktrum  Id  the  ultra  red  by  means  of  phosphorescent  substances 
^R  Npcctram  is  received  on  a  surface  covered  with  Balmaio'^ 
HmL    A  dry  photographic  plate  is  then  laid  upon  the  phospbor- 
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eecent  image  and  a  photograph  can  be  taken  as  far  as  wave-length 
A,^950.  Photographs  were  taken  both  by  the  prism  method  and 
by  Rowland's  concave  grating. — Anii.  der  Phyaik  und  Chemie, 
No.  8,  1890,  p.  681.  j.  t. 

5.  Photography  of  Oscillating  Electric  Sparks, — ^This  has 
been  accomplished  hitherto  by  a  revolving  mirror  or  a  revolving 
lens  which  spreads  out  the  image  of  the  s{)ark.  Professor  Boys 
employs  six  lenses  placed  on  a  brass  disc,  on  different  radii.  The 
disc  revolves  at  a  high  rate  of  speed.  The  spark  is  formed  on 
one  side  of  the  disc  and  a  photographic  plate  is  placed  upon  the 
other  side. — PhiL  Mag.,  Sept,  1870,  pp.  248-260.  j.  t. 

6.  Electrical  Discharges  in  Magnetic  Fields. — The  experi- 
ments of  M.  A.  WiTZ  upon  the  action  of  magnets  on  electrical 
discharges  in  Geissler  tubes  leads  him  to  believe  that  this  action 
is  dae  to  a  variation  in  the  capacity  of  the  tubes.  They  become 
true  condensers  and  their  illumination  is  the  result  of  an  oscilla- 
tory discharge  of  the  ,same  order  as  that  of  a  Ley  den  Jar,  of 
which  the  period  T  is  a  function  of  the  capacity  C  of  the  jar,  and 
of  the  coefficient  L  of  self-induction  of  the  conductor  of  small 

resistance,  T=i:7rVCL.  A  variation  of  the  capacity  C  would  thus 
modify  the  vibratory  state  of  the  gas  and  would  be  the  cause  of 
the  differences  observed  in  the  luminous  phenomena  in  intense 
magnetic  fields. — Nature,  Aug.  14,  1890,  p.  384.  j.  t. 

7.  Molecular  Theory  of  Induced  Magnetism, — Professor  Ew- 
ING  states  in  a  summary  to  an  article  on  this  subject  his  convic- 
tion of  the  truth  of  the  molecular  theory  of  induced  magnetism, 
which  is  Weber's  theory  in  a  modified  form.  Perhaps  the  most 
important  conclusion  drawn  is  this,  "That  magnetic  hysteresis 
ana  the  dissipation  of  energy  which  hysteresis  involves  are  due  to 
molecular  instability  resulting  from  the  intermolecular  magnetic 
actions,  and  are  not  due  to  anything  in  the  nature  of  frictional 
resistance  to  the  rotation  of  the  molecular  magnets." — PhiL  Mag,, 
Sept.  1890,  pp.  205-222.  J.  T. 

8.  Note. — Error  in  Maxwell,  vol.  ii,  §  544.  Corrected  by  a 
second  fault  so  that  final  result  is  correct. — Nature,  35,  p.  172, 
1886. 

9.  The  Elements  of  Laboratory  Work,  A  course  of  natural 
science;  by  A.  6.  Eabl,  M.A.,  F.C.S.  177  pp.  London,  1890 
(Longmans,  Green  &  Co.). — This  is  an  introduction  to  work  in 
the  physical  laboratory,  dealing  with  the  fundamental  phe- 
nomena and  laws.  These  are  taken  up  in  such  a  manner  and 
order  of  sequence  as  to  lead  the  student  to  a  knowledge  of  the 

grinciples  involved  rather  than  the  details  of  manipulation. 
ome  of  the  chapters  consider  the  measurement  of  quantity  of 
matter,  observations  of  change  of  position,  of  changes  of  tempera- 
ture, of  natural  changes  exhibited  by  all  kinds  of  matter  and  by 
certain  kinds  of  matter — the  former  bringing  in  the  idea  of 
gravitation,  etc.,  the  latter  of  electric  and  magnetic  stress.  Fur- 
ther, an  investigation  of  various  kinds  of  matter,  observations 
leading  to  the  theory  of  the  ether,  etc. 
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U.    Geology  and  Mineralogy. 

1.  Notes  on  the  meeting  of  the  Geological  Society  of  America 
at  Indianapolis,  (From  a  letter  to  one  of  the  editors.)— The 
summer  meeting  of  the  Geological  Society  was  held  on  Tuesday, 
Aug.  19,  Vice-President  Alexander  Winchell,  in  the  absence  of 
Prof.  Dana,  taking  the  chair.  Eight  papers  were  read  in  the 
course  of  the  three  sessions  of  the  day.  Mr.  W  J  McGee  gave 
an  account  of  the  Appomatox  formation  in  the  Mississippi  embay- 
ment.  He  admitted  that  the  formation  traced  to  the  Mississippi, 
became  identified  with  the  Lagrange  formation  of  Safford  and 
was  equivalent  also  with  a  part  of  the  Orange  sand  of  Hilgard. 
Dr.  Safford,  who  was  present,  expressed  his  willingness  to  surren- 
der the  name  Lagrange ;  but  it  was  questioned  by  others  whether 
the  law  of  priority  should  not  hold. 

Prof.  C.  H.  Hitchcock  gave  an  account  of  the  Redonda  phos- 
phate occurring  on  Redonda,  one  of  the  Leeward  islands  of  the 
Caribbean  sea — first  described  and  analyzed  by  Prof.  C.  XT.  Shep- 
ard  (American  Journal  of  Science  for  1869  and  1870),  making 
it  a  hydrous  iron-alumina  phosphate.  He  stated  that  it  overlies 
and  penetrates  irregularly  a  basic  lava,  and  is  interstratified 
with  it.  It  was  originally  covered  with  a  bed  of  guano.  Prof. 
Hitchcock  expressed  the  opinion  that  it  was  of  igneous  origin, 
which  was  contested  by  Mr.  N.  H,  Winchell,  who  regarded  a 
guano  origin  as  most  probable.  Mr.  E.  W.  Claypole  presented  a 
paper  on  *'  The  Continents  and  the  deep  seas." 

IVof.  C.  L.  Horrick  discussed  "The  Cuyahoga  shale  and  the 
Waverly  problem,"  distinguishing  three  horizons  in  the  Waverly 
— the  upper  corresponding  to  the  Keokuk  and  Burlington ;  the 
middle,  to  the  Kinderhook  ;  and  a  lower  represented  by  the  Berea. 
The  Bedford  shale  was  made  Devonian. — N.  H.  "Winchell  pre- 
sented a  paper  on  the  Taconic  area  ot'  Minnesota  and  western 
New  England,  making  out  five  horizons  of  iron  ores  in  Minnesota 
— namely,  in  descending  order,  {\)  The  hematite  and  limouite  of 
the  Mesabi,  represented  by  the  Penokee-Gogebic  Range,  the  ores 
originally  iron-carbonate;  (2)  Titaniferous  magnetite,  associated 
with  the  great  (Trabbro  range ;  (3)  Siliceous  magnetite,  at  the  base 
of  the  gabbro ;  (4)  The  hematite  and  magnetite  of  the  Kewatin, 
•as  at  Vermilion  Lake  and  Ely  ;  and  (5)  The  ores  of  the  crystalline 
schists. 

Prof.  H.  S.  Williams  discussed  the  question — What  is  the  Car- 
boniferous System  ?  Mr.  A.  W^inslow  described  the  Geotechtonic 
and  Physiographic  geology  of  western  Arkansas. 

Mr.  McGee  read  a  paper  by  Lawrence  C.  Johnson  on  the  Nita 
Crevasse  on  the  Mississippi.  It  was  stated  that  this  crevasse  was 
the  most  extensive  that  had  been  opened  for  many  years.  Through 
it  an  immense  volume  of  water  escaped  into  the  lakes — a  volume 
not  yet  accurately  measured,  but  probably  equal  to  that  of  the 
Missouri  during  flood,  or  that  of  the  Delaware,  Susqnehanna, 
Potomac  and  James  rivers.     The  effect  of  this  vast  volume  ot 
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•esh  water  was  to  transform  the  previously  brackish  lakes  and 
iHne  bays  into  fresh-water  lakes  and  estnaries.  But  the  result, 
^hich  it  was  the  special  purpose  of  the  communication  to  bring  out, 
^as  the  destruction  of  the  salt-water  fauna  and  the  substitution 
f  fresh-water  and  mud-loving  fauna  over  an  immense  area. 
)nring  the  recent  year  an  important  industry  of  the  sjulf  coast 
bout  the  outlets  of  the  lakes  mentioned  was  oyster  fishing,  but 
tie  oyster  beds  all  along  the  coast  have  been  injured  and  in  many 
ftses  destroyed.  The  sea-fishery  region  has  also  been  ruined,  and 
tie  pickerel  and  other  characteristic  fishes  of  the  Mississippi  may 
ow  be  taken  where  four  months  ago  only  salt-water  forms  were 
^und.  This  transformation  in  the  fauna  of  the  region  is  of  im- 
lense  economic  importance.  Valuable  industries  have  been  de- 
troyed;  prices  of  standard  commodities  in  New  Orleans  and 
ther  Southern  cities  have  been  affected.  Of  even  greater  scien- 
ific  interest  is  the  transformation,  for  it  illustrates  a  transition 
rom  a  marine  to  a  fresh-water  fauna  over  hundreds  of  square 
liles  effected  within  a  few  weeks.  Hitherto  the  geologist  em- 
loyed  in  the  lower  Mississippi  region  has  been  puzzled  to  account 
)r  sudden  transitions  from  fresh-water  to  salt-water  deposits,  and 
ice  versa ;  but  there  is  here  a  modern  example  of  as  wide  extent 
B  in  all  those  which  have  hitherto  embarrassed  the  student. 

The  reading  of  geological  papers  was  continued  before  the 
Lmerican  Association  then  in  session.  A  list  of  the  papers  is 
iven  beyond,  on  pages  339,  340. 

2.  Making  of  Icebergs. — Mr.  Henby  B.  Loomis,  of  Seattle,  was 
t  the  Muir  glacier  for  nearly  seven  weeks  this  summer,  with  Prof, 
ohn  Muir.  In  a  description  of  the  visit  (which  mentions  the 
nfortunate  feature  of  20  days  of  almost  continuous  rain)  he  gives 
le  following  account  of  the  making  of  icebergs  at  the  terminal 
'all  of  the  glacier. — Blocks  of  ice,  some  of  them  of  enormous  size, 
i\\  off  from  this  wall  at  frequent  intervals.  The  falling  of  the 
ergs  is  very  irregular ;  at  times  a  berg  is  discharged  as  often  as 
irery  five  minutes,  at  another  time  you  may  wait  an  hour  with- 
at  seeing  one  fall.  On  one  day,  during  twelve  hours,  we  counted 
29  thundering  reports,  loud  enough  to  be  heard  at  camp,  a  mile 
r  more  from  the  falling  bergs.  During  some  days  and  nights, 
specially  during  a  heavy  rain,  we  were  reminded  of  a  cannon- 
de  or  thunder-storm,  and  the  ground  beneath  us  seemed  to  trem- 
le.  Sometimes  a  huge  block  breaks  off,  crumbles  into  a  million 
•agments,  and,  leaping  like  a  catract,  falls  gracefully  into  the  bay 
ith  a  long  thundering  noise,  scattering  around  the  white  and 
lealy  spray  which  glistens  in  the  sunlight,  and  making  the  water 
elow  boil  with  foam.  Another  enormous  block  is  discharged, 
nd,  without  breaking,  sinks  in  an  upright  position  into  the  water, 
ansing  a  low,  thundering  noise;  then  it  rises  again,  sometimes 
50  feet,  even  with  the  top  of  the  wall  of  the  glacier,  while  the 
rater  rolls  off  its  top  like  a  cascade ;  then  the  berg  topples  over 
Tacefully  on  its  side  and  plunges  into  the  water  with  a  heavy, 
bandering  roar,  like  the  sound  of  artillery  or  of  thunder,  and  the 
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spray  is  shot  in  every  direction,  falling  like  a  myriad  of  comets 
or  descending  rockets — the  spray  itself  often  rises  as  high  as  the 
top  of  the  terminal  wall ;  and  frequently  we  have  seen  such  an 
iceherg,  after  falling,  wallow  about  in  the  water  among  the  other 
icebergs  like  a  huge  monster.  Now  and  then  a  bowlder  falls 
with  a  thud.  When  a  large  iceberg  falls,  a  series  of  large 
waves,  like  rings,  spread  themselves  around  the  center  of  disturb- 
ance, and  soon  gracefully  roll  or  leap,  in  spiral  form,  upon  the 
beach  close  to  our  camp — a  mile  away ;  and  when  the  inlet  is 
filled  with  floating  icebergs  there  is  great  commotion. 

3.  071  Sandstone  dikes  in  California ;  by  J.  S.  Dilleb.  Ball 
Geol.  Soc.  of  America,  i,  411,  1890. — Mr.  Diller  describes  in  this 
paper  a  number  of  dikes,  resembling  closely  ordinary  trap^ikes, 
out  consisting  of  sandstone,  made  chiefly  of  granitic  material, 
intersecting  sandstones  and  shales  of  the  Cretaceous  group,  on 
the  northeastern  portion  of  the  Sacramento  valley.  They  have  a 
general  parallelism,  but  vary  in  strike  from  N,  20^  E.  in  the 
southwestern  part  of  the  region  in  which  they  occur  to  N.  70°  E. 
in  the  northwestern.  They  are  from  a  mile  to  less  perhaps  than 
a  hundred  yards  in  length,  and  occupy  joint-Assures  in  the  rocks. 
Very  beautiful  engraved  plates  illustrate  finely  the  forms  and 
positions  of  the  dikes.  The  author  discusses  their  origin  at  length 
and  attributes  the  fractures  to  earthquakes,  and  gives  reason  for 
believing  that  they  were  filled  from  below.  He  observes  that 
if  we  regard  these  dikes  as  earthquake  phenomena  their  gentle 
curvature  may  indicate  their  relation  to  the  center  of  disturbance 
far  to  the  southeastward  in  the  Sacramento  Valley. 

4.  Aimiial  Report  of  the  Director  of  the  U.  S,  Geological 
Survey  for  188G-87,  vol.  viii  in  two  parts,  1060  pp.  with  maps 
and  other  illustrations. — Of  the  Memoirs  that  make  the  bodv  of 
this  very  valuable  Report  those  of  I.  C.  Russell,  Lester  F.  ^Va^(l 
and  G.  F.  Becker  have  been  already  noticed  in  this  Journal.  The 
others  are  on  the  Lassen  Peak  District,  by  J.  S.  Diller  ;  The 
Fossil  Butterflies  of  Florissant,  by  8.  H.  Scuddkr;  The  Trenton 
Limestone  as  a  source  of  Petroleum  and  Inflammable  Gas  in 
Ohio  and  Indiana,  by  Edward  Orton  ;  The  Geology  of  Mount 
Desert  Island,  Maine,  by  N.  S.  Siialkr.  The  Report  contains  76 
plates  besides  a  large  number  of  figures  in  the  text. 

6.  Hawaiian  volcanoes. — (1)  Notes  from  Wm.  T.  Bbigham,  in 
a  letter  dated  Honolulu,  August  26th,  1890. — 1  have  just  returned 
from  Puna,  Kilauea,  Mauna  Loa  and  Mauna  Kea.  The  latter 
mountain  has  been  covered  with  snow  on  the  upper  region  to  a 
greater  extent  this  summer  than  for  many  years  :  hence  we  found 
the  tarn  Waiu  at  the  summit  platform,  or  at  the  base  of  the 
terminal  cinder  cones,  quite  full;  indeed  two  springs  were  flowing 
in  on  the  northeast  corner,  while  a  brook  of  some  volume  flowed 
out  on  the  western  side.  The  principal  cone  was  bare  externally, 
except  at  the  very  base,  but  its  crater  was  nearly  filled  with 
snow.  At  Mokuaweoweo  the  steam  and  sulphur  fumes  are 
abundant  in  many  places.     The  vapor  has  been  frequently  visible 
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from  the  shore.  At  Kilauea  I  found  Dana  Lake  had  decreased 
siDce  last  March  about  one-third,  but  was  active,  while  fire  has 
appeared  to  the  south  but  still  in  the  area  of  depression.  Several 
sharp  earthquakes  have  occurred  at  Hilo,  and  one  of  several  dis- 
tinct shocks  was  felt  by  me  in  northern  Hawaii,  at  Waimea,  as  a 
long  continuous  rumble  :  at  Laupahoehoe  on  the  eastern  shore 
the  shocks  were  more  distinct  than  at  Kau  in  the  southern  part 
of  the  island.  The  time  of  transmission  from  Hilo  to  Laupahoe- 
hoe, four  miles  north,  was  estimated  by  telephone  at  5". 

(2)  Notes  from  Ernest  E.  Lyman,  on  an  ascent  to  the  summit 
of  Ml  Loa^  in  a  letter  dated  Hilo,  August  20. — Since  Mr.  Lyman's 
former  visit  to  the  summit  crater  in  1888,  part  of  the  eastern 
wall,  near  "  Pendulum  Peak,"  twenty-five  yards  wide  and  over  a 
hundred  long,  had  settled  thirty  feet  or  more.  His  descent  to 
the  bottom  of  the  crater,  on  August  7th  (Thursday)  was  here 
made — the  distance  down  by  estimate  about  four  hundred  feet. 
Steam  was  rising  over  the  bottom  from  a  number  of  spots  not  far 
from  the  base  of  the  western  wall,  through  the  length  of  the 
crater,  but  the  amount  had  diminished  greatly  since  1888.  No 
other  marked  changes  were  observed.  Having  made  his  descent 
to  Kau,  he  learned  that  on  Wednesday  night  a  dozen  earthquakes 
had  been  felt  there,  and  more  severely  at  Hilo  and  in  Puna,  where 
stone  walls  were  thrown  down.  At  Kilauea  three  were  felt  and 
changes  took  place  in  Halemaumau.  On  the  summit,  nothing  of 
the  earthquake  was  felt  by  him,  but  his  guide  reported  in  the 
morning  his  hearing  "  a  groaning  in  the  ground." 

Mr.  Lyman  collected  specimens  from  the  layers  of  lava  consti- 
tuting the  walls  of  the  summit  crater,  which,  after  being  studied, 
will  be  reported  upon  by  Professor  E.  S.  Dana,  with  further  cita- 
tions from  his  letter. 

6.  Brief  notices  of  some  recently  described  minerals, — Neote- 
siTE. — A  hydrous  silicate  of  manganese  and  magnesium  occurring 
with  tephroite  at  the  manganese  mines  in  Grythyttan  parish, 
Oerebro,  Sweden.  It  is  massive,  cleavable  and  resembles  red 
orthoclase.     Hardness =5-5 "5.     An  analysis  gave: 

SiOs     29-50      MnO     40*60      Mg    20-06      FeO     tr.    HaO     9  86=100 

The  general  formula  is  R,SiO^ -h  H^O,  or  a  hydrated  tephroite. 
— L.  J.  Igelstr5m  in  Jahrb,  Min.^  i,  257,  1890. 

CiPLYTE. — A  supposed  sitico-phosphate  of  calcium  occurring  in 
the  chalk  at  Ciply,  and  elsewhere  in  Belgium,  associated  with 
phosphorite.  It  has  not  been  fully  described. — J.  Ortlier,  ref.  in 
Bidl.  Soc.  Min.,  xiii,  160,  1890. 

Pholidolite  (Folidolit). — A  mineral  allied  to  the  chlorites, 
from  Taberg  in  Wermland,  Sweden.  Occurs  in  small  tabular 
twinned  crystals  of  a  grayish  yellow  color  and  pearly  luster. 
Specific  gravity  2-408.     An  analysis  gave: 


SiO, 

AlaO, 

MgO 

FeO 

MnO 

K,0 

H,0 

49-78 

6-31 

27-94 

4-08 

012 

6-93 

649-99-65. 
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The  formula  deduced  is  K,0,  12(Fe,Mg)0,  Al.O,  13SiO,+5H,0. 
— G.  Nordenskiold  in  GeoL  Mr.  Mrh.,  xii,  348,  1890. 

Kalibobite. — A  hydrous  borate  of  raagnesinm  and  potassiam 
occurring  with  pinnoite,  which  it  closely  resembles,  near  Aschen- 
Icben,  Prussia.  It  is  massive  with  granular  structure,  and  spe- 
cific gravity  =  2*05.     An  analysis  gave : 

BaOa  57-46  MgO  12  06  K9O  648  HjO  24-00=100 

— W.  Feit  in  Chem.  Zeitung,  1888,  1889. 

PiiosPHOSiDERiTE. — A  hydrous  ferric  phosphate  described  by 
W.  Bruhns  and  K.  Busz  as  occurring  at  the  Kalterborn  mine 
near  Eiserfeld.  It  is  orthorhombic  and  appears  in  prismatic  crys- 
tals, tabular  parallel  to  the  brachy-pinacoid.  HardDe8s=3'7o, 
specific  gravity =2*76.  Color  peach-blosson  red  or  reddish  violet. 
An  analysis  gave : 

PtjOft  38-85  FeaO,  44-30  HjO  17-26=100-41 

This  corresponds  to  4(FeP0J +  711,0,  which  brings  it  very  near 
strengite,  to  which  it  is  also  allied  in  form,  though  the  two 
minerals  appear  to  be  distinct. — Zeitschr,  Kryst.^  xvii,  555. 

SiGTERiTE. — Described  by  Rammelsberg  as  a  new  member 
of  the  feldspar  group.  It  occurs  associated  with  the  eudialyte 
and  albite  of  Sigtero,  Norway.  Structure  granular;  color  gray; 
cleavage  like  that  of  orthoclase,  with  polysynthetic  twinning. 
Extinction  on  (001)  inclined  ±  3^**  to  4^%  and  on  (010)  +  16**  to 
their  intersection-edge.  Specific  gravity  2'600 — 2*6222.  Ad 
analysis  gave  : 

SiOa  5016,  AUOa  28-64,  NaaO  13-63,  K,0  31)6,  FeO  1-97,  CaO  098,  MgO  016 

ign.  0  42  =  99-92. 

Deducting  a  little  admixed  augite,  this  becomes 

SiOa  50-54,  AlaOs,  3001,  NqsO  14-58.  K3O  424  =  100, 

which  gives  the  formula  (Na,K)2Al,Sij,0j^,  or  that  of  an  anhydrous 
natrolite. — Jahrh,  Min.^  ii,  71,  1890. 

Akermaxite. — A  linie-majcnesia  silicate,  containingr  no  alu- 
niina,  and  belonging  to  the  tetragonal  system  like  melilite, 
with  which  it  is  closely  related.  It  is  not  known  in  nature  but 
has  been  obtained  by  Vogt  in  connection  with  an  important 
series  of  oxj)crimcnts  upon  the  formation  of  minerals  from  fusion. 
— Arch.  Mat/i.  Nat.  Kristiariia^  xiii,  .*U1,  1890. 

III.   Miscellaneous  Scientific  Intelligence. 

1.  American  Association  for  the  Advancement  of  Science." 
The  thirty-ninth  meeting  of  the  Association  opened  at  Indian- 
apolis on  Tuesday,  August  1 9th,  nineteen  years  after  the  previous 
meeting  at  this  place,  Professor  George  L.  Goodale,  of  Cam- 
bridge, President.  The  address  of  the  retiring  president,  Prof. 
Mendenhall,  discussed  in  a  forcible  way  some  of  the  relations  of 
science  to  the  general  public. 
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Washington  was  selected  as  the  place  of  meeting  in  August, 
891.  The  officers  elected  were  as  follows  :  JPresidsnty  Albert 
i.  Pbescott  of  Ann  Arbor.  Vice-presidents  ol  the  Sections,  E. 
N.  Hyde,  Mathematics  and  Astronomy;  F.  E.  Nipher,  Physics; 
i.  C.  Kedzib,  Chemistry ;  Thomas  Grey,  Mechanical  Science 
md  Engineering ;  J.  J.  Stevenson,  Geography  and  Geology ; 
r.  M.  CouLTEB,  Biology  ;  J.  J  astro  w,  Anthropology ;  S.  Dana 
loRTON,  Economic  Science  and  Statistics. 

The  American  Committee  of  the  International  Congress  of 
Tcologists,  appointed  by  the  American  Association,  as  explained 
>n  page  166  of  this  volume,  was  discharged. 

Sections  J.,  Mathematics  and  Astronomy^  and  B,  Physics. 

E.  H.  Moore:  The  Problem,  to  circumscribe  about  a  conic  a  triangle  which 
hall  be  inscribed  in  a  triangle  which  is  itself  inscribed  in  the  conic,  and  a  certain 
uestion  concerning  two  binary  cubics. 

J.  D.  Warner  :  A  method  of  testing  for  primes. 

J.  A.  Brashear:  Recent  photographs  of  the  moon  by  direct  enlargement, 
he  great  Lick  Spectroscope.  Recent  studies  in  the  ultra-violet  spectrum.  A 
Bw  selF-reg^lating  photometer. 

Frank  H.  Bigelow:  Further  study  of  the  solar  corona.    Terrestrial  magnetism. 

C.  H.  Rockwell:  Some  personal  experiences  on  the  expedition  to  Cayenne, 
rench  Guinea,  to  observe  the  eclipse  of  22d  Dec,  1889. 

Cleveland  Abbe:  Some  results  of  observations  made  during  the  recent  U.  S. 
cpedition  to  the  west  coast  of  Africa.  Aberration  methods  of  determining  the 
titudes  and  motions  of  the  clouds.     The  marine  nephoecope. 

K.  D.  Preston:  Magnetic  and  gravity  observations  on  the  west  coast  of  Africa 
id  at  some  islands  in  the  Atlantic. 

R.  S.  Woodward:  The  effects  of  the  atmosphere  and  oceans  on  the  secular 
K>ling  of  the  earth. 

TiiOMAS  Gray  :  Earthquake  and  volcanic  action  in  Japan.  A  new  transmission 
manometer.     Exhibition  of  seismograph. 

T.  C.  Mendenhall:  Use  of  the  magnetograph  as  a  seismoscope.  New  metric 
andards. 

T.  Russell:  Prediction  of  cold  waves  from  Signal  Service  weather  maps. 

F.  E.  NiPHER:  Surface  integrals  in  meteorology.  Method  of  measuring  the 
ectrical  resistance  of  liquids. 

J.  Trowbridge  and  W.  C.  Sabine:  Electrical  oscillations  in  air. 

A.  K.  DoLBEAu:  On  maximum  temperatures. 

E.  W.  MoRLKY :  Determination  of  the  tension  of  the  vapor  of  mercury  at  ordi- 
ary  temperatures. 

O.  T.  Sherman:  Exhibition  of  Verns' photographs  in  natural  colors. 

E.  W.  MORLEY  and  H.  T.  Eddy:  Report  on  the  velocity  of  light  in  a  mag- 
?tic  field. 

Wm.  a.  Rogers:  Description  of  the  equal-temperature  room  in  the  observa- 
►ry  and  physical  laboratory  of  Colby  University.  Is  thermometry  an  exact  sci- 
ice?  Exhibition  of  a  combined  meter  with  subdivisions  to  2mm.  and  a  yard 
ibdivided  to  tenths  of  inches,  both  being  standards  at  62  deg.  Experimental 
jtermination  of  the  time  required  for  water  to  pass  from  42°  to  72°  in  a  constant 
T  temperature.  Evaporation  as  a  distributing  agent  in  a  determination  of  the 
imperature  of  water.  Experimental  determination  of  the  rate  of  change  in  un- 
?rground  temperatures  at  a  depth  of  nine  feet  by  means  of  a  flow  of  water  at  a 
mstant  level. 

E.  L.  Nichols  and  B.  W.  Snow  :  Radiation  at  a  red  heat ;  preliminary  note 
1  the  radiation  from  zinc  oxide. 

Eli  W.  Blake:  Exhibition  of  plans  and  sketch  of  the  new  physical  laboratory, 
Wilson  Hall,"  of  Brown  University,  Providence,  R.  I. 
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H.  S.  RoDQBHS  and  Thomas  French,  Jr. :  On  certain  electric  phenomeDa  to 
Geisaler  tubes. 

W.  F.  DuBAND:  Magnetic  aad  electric  phenomena  viewed  as  manifestatioDsof 
strain. 

E.  B.  Rosa  :  The  specific  inductive  capacity  of  electrolytes. 

G.  W.  Hough  :  Discussion  of  ihe  formulas  indicating  the  work  of  an  electric 
motor. 

A.  L.  Arey  :  Plan  for  a  resistance  box. 

J.  E.  Denton  :  On  the  specific  heat  of  brine  near  0**  Fahr. 

W.  H.  Hammon  :  Observations  taken  in  four  balloon  ascents. 

D.  P.  Todd  :  On  a  form  of  pneumatic  commutator  and  its  use  in  the  automatic 
operation  of  physical  apparatus. 

F.  W.  Vkry  :  On  the  phosphoric  lamp. 

P.  H.  Van  deb  Weyde:  On  the  advisability  of  applying  the  C.  0.  S.  system 
of  modern  electricians  to  the  principles  of  elementary  mechanics. 

D.  T.  Smith  :  Flow  and  friction  of  fluids  in  open  channels — iheory  of  streams. 
Thos.  French,  Jr.:  Actinic  action  of  electrical  discharge. 

Morris  Loeb  :  Is  chemical  action  influenced  by  magnetism  ? 

A.  Tuckerman:  Index  to  the  literature  of  thermodynamics. 

C.  A.  Oliver:  Description  of  a  series  of  tests  for  the  detection  and  determina- 
tion of  sub-normal  color-perception,  designed  for  use  in  railroad  service. 

Wellington  Adams:  Ampere-meter  for  feeble  alternating  currents:  tk 
Farado-meter. 

Ernest  Merritt:  Note  on  certain  peculiarities  in  the  behavior  of  a  galvanome- 
ter when  used  with  a  thermopile. 

Section  C.    Chemistry. 

H.  W.  Wiley:  Knorr's  extraction  apparatus.  Some  new  forms  of  apparatus 
for  drymg  substances  in  an  atmosphere  of  hydrogen.  Apparatus  for  recoveriuf 
highly  volatile  solvents.  Pine  tree  sugar  {Pinus  Lamhtriiand).  Pine  tree  honey 
dew  and  pine  tree  honey. 

11.  W.  Wiley  and  H.  E.  L.  Horton:  On  the  alkaloidal  principles  present  in 
the  seed  berries  of  Calycanthus  glauciis. 

n.  W.  Wiley  and  Walter  Maxwell:  Mucilaginous,  nitrogenous  and  dy>- 
morphous  carbohydrate  bodies  in  the  sorghum  plant. 

Walter  Maxwell  :  On  the  nitrogenous  elements  present  in  cattle  food  pre- 
pared from  the  cotton  seed  naeal.  On  the  method  of  estimation  of  the  fatty  boiiies 
in  vegetable  organisms  and  the  behavior  of  the  glycerides  and  lecithines  dunce 
germination. 

G.  L.  Spencer:  Apparatus  for  evaporating  in  vacuo.  The  estimation  of  theine 
in  teas. 

A.  K.  Dolhear:  On  chemism — an  inquiry  into  the  conditions  which  underlie 
chemical  reactions. 

A.  E.  Knorh:  Apparatus  for  determining  solubilities. 

F.  W.  Clarke:   Experiments  on  the  chemical  constitution  of  the  silicates 

J,  L.  P'LrELLiNG :  Constant  ratio  between  a  reducing  sugar  and  the  amount  of 
copper  set  free,  determined  gravimetrioally. 

Hubert  Edson:   Preservation  of  sugar  solutions  and  influence  of  basic  and 
normal  load  acetate  on  analysis  thereof. 
•  11.   E.  L.   IloRTON :  Study  of  Fehling  solution  in  estimation  of  sugars. 

H.  A.  Huston  :  Action  of  ammonium  citrate  on  high  grade  aluminium  ph<'«v 
phate. 

E.  H.  S.  Bailey:  On  the  minerals  constituting  a  meteorite  found  in  Kiow* 
count}',  Kansas. 

J.  U.  Nef:  Constitution  of  Benzoquinone. 

P.  C.  Freer  :  The  action  of  sodium  on  acetone  and  the  constitution  of  aliphatic 
ketones. 

E.  A.  von  ScnwEiNiTZ:  Study  of  the  composition  of  Osage  Orange  leaves.  A 
new  ptomaine.  Preliminary  study  of  the  ptomaines  from  the  culture  liquids  of 
the  hog  cholera  germ. 
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W.  E.  Stone:  Occurrence  of  the  pentagluooses.  Reduction  of  Feb  ling's  solu- 
ion  by  arabinose.  Quantitative  estimation  of  the  pentagluooses  in  the  presence 
»f  other  carbohydrates. 

S.  B.  Newbury:  Action  of  alcohol  upon  aldehydes.  New  chemical  laboratory 
)f  Cornell  University. 

C.  L.  Speyees:  Some  thoughts  on  electromotive  force. 

W.  O.  Atwater  and  H.  B.  Gibson:  Heats  of  combustion  of  certain  organic 
XKlies. 

H.  A.  Huston:  Analysis  of  a  Lycoperdon.  Notes  on  certain  reactions  for 
yrotoxicon. 

F.  P.  Venable  :  The  proper  standard  of  the  atomic  weights. 

£.  W.  MoRLEY:  Determination  of  the  volumetric  composition  of  water.  Ratio 
jf  the  density  of  oxygen  and  hydrogen. 

W.  A.  NoYEs:  Atomic  weight  of  oxygen.     Unit  for  the  atomic  weights. 

T.  H.  Norton:  Improved  forms  of  gas  generators.  A  constant  and  easily 
regulated  chlorine  generator.  Derivatives  of  dinitro-a-naphtbol.  A  soluble  com- 
pound of  hydrastine  with  mono-calcium-phosphate.  Application  of  the  potassium 
chlorate  method  for  the  determination  of  sulphur  to  the  analysis  of  horn.  On  a 
oew  method  of  preparing  benzine-sulfonic-bromide,  etc. 

Section  D.    Mechanical  Science  and  Engineering. 

Thomas  Gray:  A  new  transmission  dynamometer.  Preliminary  experiments 
in  the  resistance  of  metals  to  cutting.  Machine  for  testing  tortional  stifibess. 
Diagramming  apparatus  for  use  in  testing  materials.  Dynamometer  for  measur- 
ing the  resistance  of  cutting  tools. 

Wif.  A.  Rogers  :  Construction  of  a  precision  screw  eight  feet  in  length.  Sim- 
ple method  of  subdividing  index  wheels  into  1,000  parts. 

Wif .  Kent  :  Standard  formula  for  efficiency  of  steam  engines. 

O.  T.  Beale  :  New  principles  of  mechanism  shown  by  experiment  with  spiral 
?ear8. 

H.  G.  Jones  :  Efficiency  of  locomotive  link  motion  compared  to  automatic  cut- 
)ff  valve  gear  of  modern  high  speed  engines. 

G.  M.  Bond  :  Kffect  of  internal  strains  in  hardened  steel. 
Oberlin  Smith  :  The  principal  element  of  waste  in  machine  shops. 
T.  D.  Pa  ret  :  Money  value  of  solid  emery  wheel. 

J.  R.  Denton  :  Use  of  the  locomotive  as  an  apparatus  for  testing  cylinder  oils, 
iesults  of  test  of  performance  of  76-ton  ammonia-compression  refrigerating 
oachine. 

W.  J.  Beale  :  Structure  of  woods  as  viewed  in  their  cross  sections. 

H.  F.  DuRAND :  Note  on  graphical  construction  of  crank  effort  diagram. 

M.  A.  Howe  :  Results  of  tests  of  strength  of  sewer  pipe. 

St.  John  Day  :  A  vortex  automatic  lubricator  for  high  speed  shafts. 

Section  E.     Geology  and  Geography. 

H.  T.  Fuller  :  Preservation  of  glaciated  rocks. 

J.  T.  ScovELL :  An  old  channel  of  the  Niagara  river. 

G.  W.  HoLLfcY:  Niagara — a  few  last  words  in  reply  to  Mr.  G.  K.  Gilbert's 
listory  of  the  Niagara  river. 

J.  T.  Campbell:  Local  deposit  of  glacial  gravel  found  in  Park  county,  Ind. 
Topographical  evidence  of  a  great  and  sudden  diminution  of  the  water  supply  in 
he  ancient  Wabash. 

Joseph  Moore:  Concerning  some  portions  of  Casioroides  Ohioensis,  Foster, 
lot  heretofore  known. 

H.  Carrington  Bolton:  The  "Barking  Sands"  of  the  Hawaiian  Islands. 
Dccurrence  of  sonorous  sand  on  the  Pacific  coast  of  the  U.  S. 

E.  T.  Cox:  Floridite,  a  new  variety  of  phosphorite  found  in  Florida. 

W  J  McGee  :  The  Columbia  formation  in  the  Mississippi  embayment. 

C.  A.  White:  Paleontological  and  geological  relation  of  closely  similar  fossil 
forms. 
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Theo.  B.  Comstook:  Crystalline  rocks  of  Central  Texas.  Geology  o!  tte 
Wichita  Mountains,  Indian  Territory.  Silurian  system  and  its  geanticline  io  Cen- 
tral Texas  and  Indian  Territory. 

P.  H.  Van  deb  Wetdb  :  Glacial  action  considered  as  a  continaous  phenome- 
non, having  shifted  from  one  locality  to  another. 

R.  T.  Hill  and  Jambs  S.  Stone:  Qeology  of  Indian  Territory  south  of  Cana- 
dian river. 

N.  H.  Wincoell:  What  constitutes  the  Taconic  mountains  ? 

James  M.  Saffokd  :  The  formations  and  artesian  wells  of  Memphis^  Tenn. 

T.  C.  Chamberlin:  Progress  in  morainic  mapping. 

Aetuue  Winslow:  Remarks  on  construction  of  topographic  nu^  for  geologic 
reports.    Occurrence  of  pegmatite  in  Central  Missouri. 

Edwaed  Orton:  Amount  of  natural  gas  used  in  glass  manufacture. 

J.  K.  Siebbl:  Differentiation  of  subterranean  water  supplies. 

C.  W.  Hall:  Some  of  the  qualifying  conditions  of  successful  artesian  well 
boring  in  the  northwestern  States.  A  notable  dike  in  the  Minnesota  Rlfer 
Valley. 

T.  C.  Hopkins:  Topographic  features  of  Arkansas  marbles. 

R.  A.  F.  Penrose.  Jr.:  The  origin  of  the  manganese  ores  of  Northern  Arkan- 
sas and  its  effect  on  the  associated  strata. 

L.  S.  Griswold  :  The  Novaculites  of  Arkansas. 

E.  W.  Claypole:  Subsidence  and  deposition  as  cause  and  effect 

II.  K.  Pickett  and  E.  W.  Claypolb:  The  recent  explosion  of  natural  gas  id 
Shelby  county,  Ind. 

0.  A.  Derby  :  The  Bemdcgo  (Brazil)  meteorite.  New  method  of  searching  for 
rare  elements  in  rocks.  Genesis  of  certain  magnetites.  Nepheline-bearing  rocks 
in  Brazil. 

Section  F.     Biology. 

Sereno  Watson  :  Relation  of  the  Mexican  flora  to  that  of  the  United  Statei. 

J.  M.  Coulter:  Distribution  of  the  North  American  Umbellifene.  Distribu- 
tion of  North  American  Comacea-. 

Stanley  Coulter:  Forest  trees  of  Indiana. 

J.  N.  RosK :  Notes  upon  plants  collected  by  Dr.  Ed.  Palmer  at  La  Paz,  Lower 
California,  in  1890. 

W.  P.  Wilson:  The  development  and  function  of  the  so-called  cypress- 
"  knees,"  with  a  consideration  ot  the  natural  habitat  of  the  tree. 

H.  L.  BOLLEY  :  Potato  scab,  a  bacterial  disease. 

N.  L.  Britton:  Preliminary  note  on  the  genus  Rhynchospora  in  North  America. 
Rusbya,  a  new  genus  of  VacciniacetE  from  Bolivia.  Notes  on  a  monograph  of 
the  geuus  Lechea.     The  general  distribution  of  North  American  plants. 

BuKT  G.  Wilder:  Lack  of  the  distance  sense  in  the  prairie  dog.  Exhibition 
of  diagrams  illustrating  the  formation  of  the  human  sylvian  fissure. 

G.  S.  Hopkins:  Structure  of  the  stomach  of  Amia  calva, 

T.  B.  wSpence  :  Support  for  the  Chorda  tympani  nerve  in  Felidae. 

Heruert  Osborn:  External  termination  of  the  urethra  in  the  female  of  Geomys 
Bursorius. 

F.  V.  CoviLLE :  Work  of  the  botanical  division  of  the  department  of  Agriculture. 
C.  S.  MiNOT:    Account  of  the   marine   biological   laboratory  at  Wood's  Holl. 

Differentiation  of  the   primitive   segments  in   vertebrates.     Morphology  of  ibe 
blood  corpuscles.     Disappearance  of  the  Decidua  reflexa. 

A.  J.  CoOK :  Food  of  bees. 

C.  L.  Herrick  :  A  case  of  morbid  affection  of  the  eye  in  a  cat 

B.  T.  Galloway  :  Life  history  of  Uncinula  spiralis.  Preliminary  notes  on  a 
new  and  destructive  oat  disease. 

Theobald  Smith  :  Variability  of  disea.se-germs. 

Simon  H.  Gage  and  H.  W.  NoRRis :  Notes  on  the  amphibia  of  Ithaca. 

Simon  H.  Gaqe  and  Susanna  P.  Gage:  Changes  in  the  ciliated  areas  of  the 
alimentary  canal  of  the  Amphibia  during  development,  and  relation  to  the  mode  of 
respiration. 
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S.  H.  Gagb:  Combined  aerial  and  aquatic  respiratioa  in  Amphibiai  and  the 
functioDS  of  the  external  gills  in  forms  hatched  on  land. 
J.  K.  Howell:  Trimorphism  of  Uromyces  Trifolii. 
Clarence  M.  Weed:  Harvest  spiders  of  North  America. 

E.  D.  Cope  :  Structure  of  certain  paleozoic  fishes. 
L.  H.  Pammel  :  Seed  coats  of  the  genus  Euphorbia. 

D.  H.  Campbell:  Method  of  growth  of  the  prothallia  of  the  Filicineae,  with 
reference  to  their  relationships.    Contributions  to  the  life  history  of  Isseus. 

V.  M.  Spalding:  Development  of  the  sporocarp  of  Griffithsia  Bometiana. 

LcciBS  M.  Underwood:  Distribution  of  Hepotiae  of  North  America. 

Byron  D.  Halsted  :  The  migration  of  weeds. 

W.  J.  Beal:  Geographical  distribution  of  North  American  grasses. 

H.  E.  Williams:  On  the  "phxtea  ot  Holonema  rugosa. 

W.  J.  Beal  and  T.  W.  Tuomey:  Coniinuiiy  of  protoplasm  through  the  cell- 
walls  of  plants. 

J.  B.  Steere  :  Distribution  of  land  birds  in  the  Phillippiue  Islands. 

J.  C.  Arthur  and  H.  L.  Bollby:  The  specific  germ  of  the  Carnation  disease. 

W.  P.  Wilson  :  Desirability  of  establishing  a  Biological  station  on  the  Gulf  of 
Mexico. 

W.  R.  Lazenby  :  Crystals  in  certain  species  of  the  Arum  family. 

C.  W.  Hargitt:  Isopyrum  bitemcUum, 

Section  U,    Anthropology. 

H.  W.  Henshaw:  Indian  origin  of  maple  sugar. 

W.  K.  Moorbhead:  Fort  Ancient. 

W.  H.  Holmes:  Aborigrinal  stone  implements  of  the  Potomac  valley. 

R.  T.  CoLBURN :  Suggestion  for  a  Pan-American  as  precursor  to  an  universal 
language. 

J.  MuLLER:  Dialectic  studies  in  the  Swedish  province  of  Dalecarlia.  Peculiar 
effects  of  one-sided  occupations  on  the  anatomy  and  physiology  of  man. 

F.  W.  Putnam  :  Notice  of  a  sin  uiar  earth-work  near  Fosters,  Little  Miami 
Valley,  Ohio.     On  an  ancient  hearth  in  the  Little  Miami  Valley. 

B.  G.  Wilder  :  Exhibition  of  diagrams  of  the  brains  and  medisected  heads  of 
man  and  a  chimpanzee. 

C.  C.  Abbott:  Exhibition  of  a  bone  image  from  Livingston  county,  N.  Y. 
Exhibition  of  gold  beads  of  Indian  manufacture  from  Florida  and  New  Jersey. 

J.  Jastrow  :  A  study  of  mental  statistics. 

O.  T.  Mason:  Arts  of  modern  savages  for  interpreting  Archaeology. 

H.  D.  Garrison  :  The  form  of  the  external  ear. 

H.  M.  Stoops:  Preliminary  steps  to  an  Archaeological  map  of  Franklin  Co., 
Indiana. 

£.  D.  Cope  :  The  relation  of  mind  to  its  physical  basis. 

J.  W.  Spencer  :  Remarks  upon  the  mounds  of  Sullivan  county,  Indiana. 

Zelia  NuTTALL:  On  the  atbatl  or  spear-thrower  of  Ancient  Mexico. 

Anita  Newcomb  McGee:  The  evolution  of  a  sect. 

H.  N.  Rust:  On  obsidian  instruments  of  California.  The  basket-mortar  of 
Southern  California.     The  adase. 

Section  I.    Economic  Science  and  Statistics, 

S.  Dana  Horton  :  American  money,  past  and  present.  Instruments  of  viilua- 
tion  or  the  nature  of  money  units. 

Lauba  Osborn  Talbot  :  Natural  resources  of  Loudon  county,  Va.  Economic 
value  of  the  energy  of  neglected  children. 

B.  E.  Fernow  :  The  forest  as  a  national  resource. 

M.  Miles  :  Biological  factors  in  nutrition  of  farm  crops. 

Edward  Ate:inson  :  The  right  application  of  heat  to  the  couversion  of  food 
material. 

Jacob  Reese  :  Refrigerating  power  of  trees. 

Wm.  S.  Hill  :  Constitutionality  of  our  national  economic  policy. 
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Edward  Orton  :  Municipal  corporations  and  natural  gas  supply. 
James  H.  Kellogg  :  Utilization  of  surplus  labor. 

Mart  Henman  Abel  and  Ellen  H.  Richards:   Hygienic  adyantage  of  the 
sterilization  of  milk  and  its  best  methods. 
Wm.  H.  Hale:  Ethics  of  strikes. 
Geo.  W.  IIolley  :  Floods  of  the  Mississippi  and  how  to  prevent  them. 

2.  British  Association  at  Leeds. — The  meeting  at  Leeds  com- 
menced its  sessions  on  the  3d  of  September.  The  inaugural  ad- 
dress of  the  President,  Sir  FredericK  Augustas  Abel,  treated  of 
the  practical  achievements  of  physical  science  during  the  past  32 
years — the  interval  since  a  former  meeting  at  Leeds. 

The  address  of  the  President  of  the  Association  and  those  of 
the  Vice-Presidents,  together  with  full  reports  of  the  papers  pre- 
sented at  the  meeting,  will  be  found  in  the  successive  numbers  of 
Nature,  commencing  with  that  for  September  4.  This  excellent 
weekly  Journal  of  Science  should  be  in  the  hands  of  all  interested 
in  science  and  its  progress.  Its  semi-annual  volumes  begin  on 
May  1  and  Nov.  1. 

3.  An  American  Geological  Railway  Ghuide^  giving  the  geo- 
logical formation  at  every  railway  station,  with  altitudes  above 
mean  tide-water,  notes  on  interesting  places  on  the  routes,  and  a 
description  of  each  of  the  formations ;  by  Jambs  Macfarlane. 
Second  edition,  revised  and  enlarged,  edited  by  James  R.  Mac- 
farlane.  426  pp.  New  York,  1890  (D.  Appleton  &  Co.).— This 
new  edition  of  Dr.  Macfarlane's  excellent  hand-book  for  geologists 
and  tourists,  on  which  he  was  working  before  his  death  in  1885, 
has  been  edited  by  his  son  with  much  care,  producing  a  valuable 
thesaurus  and  compendium  of  information  concerning  the  geology, 
the  mineral  deposits,  and  the  best  localities  for  collecting  fossils 
and  examining  geological  sections  in  Canada,  the  United  States 
and  Mexico.  The  scope  of  the  book  is  well  seen  from  the  title 
page,  as  above  quoted.  Its  reliability  is  guaranteed  by  the  names 
of  the  geologists  of  the  several  State,  U nited  States,  and  Cana- 
dian geological  surveys,  who  have  supplied  full  notes  of  their 
respective  fields  of  investigation.  w.  u. 

4.  Royal  Society  of  N[  S.  Wales. — Vol.  xxiii,  Part  2,  of  the 
Journal  and  Proceedings  contain,  covering  160  pages,  a  list  of 
the  marine  and  freshwater  Invertebrate  fauna  of  Port  JacksoD 
and  the  neighborhood,  by  I.  Whitelegge ;  on  the  occurrence  of 
platinum  in  a  feldspathic  vein  in  the  Broken  Hill  district ;  on  the 
Australian  Aborigines,  and  other  papers. 

5.  S7nithso7iian  Miscellaneous  Collections,  no.  Y41 :  Index  to 
the  Literature  of  Thermodynamics,  by  A.  Tuckerman.  240  pp. 
8vo.     1890. 

6.  Verzeichniss  der  Schriften  ilber  Zoologie  von  Dr.  O.  Taschen- 
berg,  of  Halle. — The  .eighth  "Lieferung,"  signatures  281-320,  of 
this  important  zoological  bibliography  has  been  issued  by  W. 
Engelmann.  It  finishes  the  Hymenoptera  and  commences  the 
Coleoptera. 
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Art.  XLI V. — Further  Study  of  the  Solar  Corona  /  by 

Frank  H.  Sigelow.* 

It  was  one  of  the  proposed  objects  of  the  U.  S.  Eclipse 
Expedition  to  West  Africa,  in  December,  1889,  to  make  an 
effort  to  secure  some  photographs  of  the  Solar  Corona  on  a 
large  scale,  in  order  that  certain  measurements  might  be  taken 
wmch  would  test  fully  the  validity  of  the  equation  that  I  have 
afidgned  to  the  coronal  curves.  Inasmuch  as  we  failed  to 
obtain  the  desired  pictures,  in  consequence  of  the  clouds  that 
prevailed  during  tne  minutes  of  totality,  I  have  since  my 
return  to  the  United  States  made  a  series  of  measures  upon 
photographs  of  the  Coronas  of  1878,  July  29, 1889,  Jan.  1,  and 
1889,  Dec.  22,  which  have  been  geuerouslv  placed  at  my  dis- 
posal by  the  Superintendent  of  the  Naval  Observatory,  and  by 
the  Directors  of  the  Harvard  College  and  the  Lick  Observato- 
ries respectively.  I  am  also  greatly  indebted  to  Professor 
William  Harkness  for  allowing  me  to  use  the  Transit  of  Venus 
Measuring  Engine,  by  Stackpole,  and  for  all  needful  assistance. 
Six  pictures  have  been  measured,  two  La  Junta  negatives  of 
July  26,  1878,  taken  by  Professor  Hall,  two  Creston  negatives 
of  July  26,  1878,  by  Professor  Harkness,  one  positive  of  Jan. 
1,  1889,  by  Professor  W.  H.  Pickering  at  Willows,  Cal.,  and 
one  negative  by  Mr.  Burnhara  at  Cayenne,  S.  America,  Dec. 
22,  1889.  As  the  computations  are  quite  heavy  the  results  of 
only  one  are  presented  with  this  paper. 

*  Read  before  the  American  Association  at  IndiaDapolis,  August  22df  1890. 

Am.  Jour.  Sol— Third  Series,  Voi*.  XL,  No.  239.— Nov.,  1890. 
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The  Equation  of  the  Lines  of  Force. 

The  equation  to  be  investigated  maj  be  derived  as  follows. 
Without  raising  the  (juestion  of  the  physical  constitution  of 
masses  of  matter  exhibiting  the  phenomena,  we  may  under- 
stand by  a  polarized  sphere,  one  in  which  magnetic  or  electrial 
potentials  are  to  be  referred  to  one  general  axis  ;  or  if  not  sym- 
metrical, one  in  which  the  positive  potential  is  distributed  about 
one  pole,  and  the  negative  potential  about  another  pole,  the  poles 
themselves  being  the  intersection  of  two  nearly  opposite  axes 
with  the  spherical  surface.  The  potentials  at  any  points  in 
space  may  be  discussed  as  if  the  actual  distribution  of  polarized 
matter  were  replaced  (1)  by  a  small  magnet  at  the  center  of 
the  sphere,  the  direction  of  the  axes  coinciding,  or  (2)  by  a 
surface  distribution  whose  density  varies  from  a  maxifnnm  at 
the  poles,  with  the  cosine  of  the  angle  of  the  polar  distance,  to 
zero  at  the  corresponding  equatorial  plane.  The  former  is  the 
1  result  of  bringing  two  equal  masses  of  oppo- 

site signs  very  near  each  other  at  the  center 
of  the  sphere,  and  the  latter  is  the  lamellar 
distribution.  They  each  give  the  same 
equations  for  lines  of  force  and  equipotential 
surfaces  respectively. 

Let  Mj,  M,  be  any  two  electrified  masses 

connected  by  an  axis  of  reference ;  join  any 

point  P  with  M,  and  M,  by  straight  lines, 

and  with  the  axis  A  by  any  curve;  acnissa 

cylindrical   surface  venerated    by   AP,  the 

flow  of  force  from  M,  is  N^,  and  from  M,  is 

N,,  the  constant  total  force  being  N, +N,=X 

Let  PMj  be  the  curve  formed   by  the  locos 

of  the  point  that   will    keep   >•    the  same 

while  the  position  of  P  varies  in   a  plane, 

and  let  the  tangent  to   this  curve  at  the 

►oint  M,  make  the  angle  0  with  the  axis; 

^   is  called  the  order  of  a   line   of  force. 

Equation  of  linoa  of  Considering  a  single  mass,  the  flow  of  force 

tkUur"faJr'^^^''°"  corresponding  to  the  circular   zone   whose 

angle  at  the  summit  is  2/?,  is  proportional  to 
the  cap  whose  height  is  1  —  cos  6. 


K 


N 


47rM 


1  --  cos  0 
2 


N  =  27rM  (1  —  cos^). 


Introducing  this  into  the  equation  and  limiting  the  case  to 
equal  masses  of  opposite  signs,  we  obtain, 

2;rM,(l  —  cos  <9J-f-2TM,(  I  —  cos  6/J  =  2;rM(l  —  cos  6)  =  N; 
whence,  M,  cos  <9,  -f-  M,  cos  ^,  =  M,  -f-  M,  cos  d, 

and  by  our  special  case. 
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N 


cos  6^  —  cos  d,  =  1  —  cos  6  = 


2;rM' 


Now  if  these  masses  be  brought  infinitely  near  together,  the 
9^  and  0^  will  differ  by  an  infinitely  small  amount,  h  /  we  have, 

COS  0^  —  COS  ^,  =  2  sm  — sm  — * 

»  •  2  2 

=  2  8in^.  -  =  sin0,  A. 
2 

.    ^   2a  sin  ^      2a     ,  ,. 

r  r 

where  a  is  the  distance  apart  of  the  paii;icles,  and  r  the  mean 
distance  of  the  point  P  from  M,M,. 

Hence,  N  =  27r  (2Ma) , 

r 

which  is  the  equation  of  a  line  of  force. 

Term  2a. M  is  the  moment  of  the  system,  and  if  we  choose 

to  deal  only  with  the  outside  of  a  large  sphere,  it  is  equivalent 

to  the   layers  of  gliding  on  a  polarized  sphere,  and  these  again 

4 
to  t/^oj  where  u  is  the  volume  of  the  sphere  ^R',  and  <t^  of 

the  surface  density  at  the  poles.     Therefore, 

From  this  equation  we  may  draw  typical  lines  of  force  by  as- 
suming ^tRVq  equal  to  unity,  and  this  is  the  best  form  for  use 
until  we  have  the  means  of  determining  the  value  of  o^  ;  thus 
we  finally  get, 

^^     Stt    sin'^ 

N=— -  . . 

3        r 

The  Equation  for  Equipotejitial  Surfaces. 

M 

The  potential  of  a  mass  Mj  at  a  distance  r,  is,  V,= — ^,  and 

1 

M 
of  a  Mass  M,,  at  a  distance  r,  is,  V,=— ^.     If  these  masses  are 

equal  and  of  opposite  signs,  at  the  point  of  intersection  of  r, 
and  r 

V=V.-.V.=^-^  =  M(l-i). 

These  surfaces  are  of  an  ovoidal  form,  with  a  single  sheet, 
tending  to  merge  into  spheres  in  proportion  as  they  approach 
the  centers  of  action. 
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If  the    two  points    are  located    infinitely  near    together, 

v=:M.-*- — -  becomes  V  =  M.   '  ,  '  =  M. — . 

r,  r,  r'  r 

An  equivalent  of   the  moment  of   the   system    SaM  is  re 
before,  2(rM=-ffR"<T^,  and  the  value  of  the  potential  at  any 

point  ootside  the  sphere  {r.8)  is  V"=-n'RVo . . 

Typical  forms  of  the  curves  may  be  found   hy  employing 
simply  the  expression,  V=  — . 

Gatiaa'   Theorem  of  Polar  interc^U. 

On  the  sphere  whose  radins 
is  R,  constmct  a  line  of  force 
one  of  the  points  being  (r.S). 
Through  (r ,  0)  draw  a  circle 
with  radiua  r,  a  tangent  to 
this  circle  making  an  angle 
m  with  the  polar  axis,  and 
also  a  tangent  to  the  line  of 
force  making  the  angle  n 
with  the  axis.  The  trianeie 
PTS  will  have  the  intenor 
angles  /.  in,  Ji,  at  correspond- 
ing vertices.    Now, 

PS .  cos  /  =  OS .  Biiifl 

PS.  sin  I  =  TS.cosfl 

For  Gbusb'  Theorem. 

Hence,  OS .  tan  /  =  TS .  cotfl  =  TS .  ^■^, 

as  can  be  proved  by  the  discussion   of  the  resolved  forces. 
Therefore, 

ST=  20S,  and  OT  =  30S. 

The  intercept  from  the  center  cut  off  by  the  force  tangent 
*   one-tliird  the  intercept  cut  off  l)y  the  circle  tangent, 

"""  «  formula  is  also  convenient  for  computing  the  inclina- 

the  line  of  force  to  the  normal  as  it  leaves  the  surface 

sphere.     If  the  lines  are  seen  on  the  section  of  tie 

idlan  plane  perpendicular  to  the  line  of  vision,  it  applies 

itly,  tan  1=2  cot  0=2  tan  m.     If  the  angle  actually  seen  k 

any  other  meridian  section,  the   projected  value  of  the 

iglc  ninst  be  converted  from  its  oblique  to  the  perpendicnltf 

lane,  by  taming  it  through  the  angle  a.    Since  I  is  the  angle 


s 
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of  the  line  of  force  with  the  tangent,  90— i  is  its  angle  with 
the  normal. 

If  l^  is  the  apparent  measured  angle  of  inclination  of  a  line 
with  the  radius  extended,  then  tan  Z=tan  r  sec  a  sec  0, 

In  a  preceding  paper  I  applied  this  theorem  to  some  photo- 
raphs  of  coronal  lines,  finding  a  strong  tendency  to  represent 
t^e  intercept  ratio  in  the  four  Quadrants,  and  yet  witii  such 
marked  exceptions  as  might  well  lead  to  the  interpretation 
that  the  agreement  was  fortuitous  between  the  graphical  rep- 
resentations of  the  mathematical  formula  ana  the  natunJ 
phenomenon.  It  is  now  my  object  to  carry  out  the  comparison 
with  considerable  accuracy,  paying  regard  to  the  distortions  of 
the  coronal  lines  as  produced  by  the  perspective  effects.  It 
may  be  possible  sometime  to  include  the  corrections  due  to 
differential  refraction,  non-coincidence  of  the  centers  of  the 
disks  of  the  Sun  and  the  Moon  with  the  axis  of  vision,  and 
such  others  as  exist,  but  at  present  they  must  be  omitted  be- 
cause the  photographs  used  are  too  small  to  permit  settings  for 
measures  within  these  limits  of  precision. 

77ie  Negative  here  discussed  is 

Marked  No.  16,  July  29,  1878,  La  Junta,  Col,  by  Professor 
Asaph  HalL  *  It  was  taken  with  a  Dallmeyer's  patent  portrait 
and  group  lens,  size  No.  8  D ;  effective  focal  length  37*89 
inches,  clear  aperture  6*0  inches ;  the  plates  were  the  dry 
washed  emulsion  ;  the  size  of  the  image  of  the  Moon's  disk  is 
0"362  inch,  but  the  limb  is  not  circular  because  of  the  Moon's 
motion  in  right  ascension.  The  measurements  were  made  by 
centering  the  image  so  that  in  revolving  the  table  the  edge  of 
the  disk  remained  tangent  to  the  micrometer  thread.  Having 
selected  the  polar  line  of  the  corona  by  inspection,  the  read- 
ings of  the  N.  and  S.  poles  respectively  were  taken  ;  then  as 
many  settings  on  individual  rays  as  was  practicable  were  made, 
the  polar  angle  and  the  distance  in  micrometer  revolutions 
read.  The  corresponding  values  of  r  and  0  were  made  the 
basis  of  the  computation. 

North  Polar  Setting  251°  40'. 

South  Polar  Setting  244°  30'. 

The  angle  from  the  N.  Pole  through  the  east  to  the  S.  Pole  is 
172*  50'. 

The  North  Pole  lies  1°  10'  east  of  Sun's  Axis. 

The  South  Pole  lies  6°  0'  east  of  Sun's  Axis. 

The  reading  for  the  North  Pole  is  7*55  divisions. 

The  reading  for  the  South  Pole  is  7 '45  divisions. 

Correction  for  micrometer  readings  is  for  N.  P.  readings  — 1*00  ; 
for  S.  P.  reading  —0-90.  The  diameter  of  the  disk  is  13*10 
divisions.     The  factor  for  reduction  to  the  unit  radius  is  6*55. 

A  complete  record  of  the  readings  is  given  in  table  No.  1. 
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The  first  prooeea  wu  to  aabedtate  the  reonlting  valtmof 

r.9iD  the  formala  for  the  lines  of  force,  N= —  . .    Tha 

compnted  Tallies  are  collected  ia  table  Na  n. 

It  is  observed  that  the  valnee  of  N  derived  from  measnni 
on  the  same  ray  are  not  equal.  If  all  the  ciroumstanees  an 
fnllj  accounted  for,  the;  wonld  be  alike  and  the  anele  8 
would  show  the  same  polar  distance  for  the  beginning  of  tlie 
line  N.  But  it  is  seen  that  there  is  a  marked  prof^resdoii  ia 
these  valoes,  which  indicates  that  some  systematie  error  ad- 
heres to  the  work.  An  inspection  of  the  case  sn^ests  that  tha 
projectioa  of  the  ray  from  its  position  in  space  npon  the  appw' 
ent  plane  of  the  disk  must  be  taken  full;  into  aoconnt,  m  it 
is  not  probable  that  an;  large  namber  of  the  visible  nvs  start 
from  the  bod;  of  the  sun  m  the  ver;  plane  of  the  diBK.,  To 
anch  ra;B  the  formula  ahoald  have  applied.  The  problem  ii 
therefore  to  discover  at  what  point  of  the  sphere  each  la; 
originates,  and  to  asaign  angular  oodrdinates  to  the  same. 

The  figure  illustrates  how  a  ra;  springing  from  the  surface 
of  the  ann  is  seen  projected  so  aa  to  lie  across  a  series  oi  true 
N-lines  represented  ti 
proceeding  from  the 
disk.  What  was  eom- 
pnted  in  the  last  open- 
atioB  ia  in  fact  tije 
particular  N-line  thit 
passed  through  the 
point  as  measured  ia 
ite  projected  eitnatioo. 
We  mnst  now  discover 
a  means  of  determin- 
ing through  what  sngle 
a  the  plane  of  the  n; 
N  mnst  be  rotated  ia 
order  to  be  seen  on 
the  plane  of  the  disk. 
Also  we  most  carefall; 
distingniaU  between  tbfl 
pole  of  the  corona  and 
diek,  for  although  these  two  polee  lie 
position  angle  with  the  sun's  axis  at 


Ray  projected 


the  selected  pole  on  tli 
in  the  same  plane  who 

the  center  of  the  disk  bus  alread;  been  given,  ;et  the  angnlir 
distance  of  the  coronal  pole  from  the  plane  of  the  disk,  being 
at  this  time  unknown,  lias  an  immediate  effect  npon  the  sDgle 
a  that  is  being  sought.  All  the  planes  containing  the  ran 
intersect  in  the  coronal  axis,  and  if  this  was  in  the  plane  of  tne 
disk  the  rotation  angle  a  would  be  the  same  for  all  meaiored 
points  on  the  ra;;  otherwise  a  measured  at  the  pole  on  the 
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disk  will  exhibit  a  progression  of  values  as  we  pass  along  the 
ray.  As  each  quadrant  has  been  considered  independently,  no 
effort  was  made  to  generalize  the  angle  a,  but  it  is  counted 
from  the  plane  of  the  disk  to  the  plane  passing  through  the 
point  on  the  ray,  at  the  axis  of  mtersection  of  the  planes 
through  the  center  of  the  sun. 

^-       8;r   sin'^ 

N  =  -— - . . 

3        r 

Let  a?,  =  Tj  sin  /?,  and  y^  =  /•,  cos  d^^  the  accents  indicating  the 
first  point  that  is  measured  on  a  ray. 


r  =  V**  +  y'     sin'^  =  -J  = 


XT       8;r  a* 

3      (x'-hy')* 

As  a  first  approximation,  assume  that  the  axis  of  the  planes 
of  rotation  lies  in  the  plane  of  the  apparent  disk ;  hence  by 
rotating  a  ray  from  the  edge  of  the  disk  to  its  actual  position, 
the  values  of  y  are  unchanged,  while  those  of  x  are  reauced. 
The  radius  of  revolution  is  ajj  =  /•,  sin  (?„  therefore  x  =  x^  sec  a. 

Substituting,  N  =  ^ . ^i!^°:^-L«^'^__-. 

3     (r,'  s\n%  sec' a + r,'  cos'^,) 

Since  the  points  are  on  the  same  ray,  we  take 

rj*  sin'^i  ___  r^  sin'dj 

_  ___        ____  ^__  _  ^ 

(r,*  8in*(?,  8ec*«  -|-  r,*  cos*^)  >       (r,*  sin*^,  sec'or + r,*  cos^^j) 

(xa' 8ec*«+y^*)*  __  x^ 
(a;,*8ec'«+y,*)*      ^» 


sec'or  =  — 


X\    tC}    "^  X^    X^ 


The  application  of  this  formula  gives  the  values  of  a  corres- 
ponding properly  to  the  mid-point  between  the  two  points 
from  which  it  was  derived.  They  also  have  a  progressive 
value,  indicating  that  the  pole  of  the  corona  is  not  on  the 
plane  of  the  disk  It  will  not  be  far  wrong  to  assume  that 
value  of  a  which  is  nearer  the  first  a  than  the  second,  as  would 
be  seen  by  inspection  from  the  points  on  a  sphere. 

Now  substituting  these  values  of  a  in 

T.^       %n         a;*sec*a 

■N  =  — „. 

3    (a'sec'a+y*)* 

we  find  that  the  ranging  nature  of  the  NS  has  ceased,  and 
that  there  remain  only  such  irregularities  as  are  occasioned 
by  the  inaccuracy  of  the  measurements  themselves. 
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Take  the  typical  formula  for  N  and  compute  Av?0  =  — .  N. 

The  angle  0  derived  from  this  i8  the  distance  from  the  coronal 
pole  at  which  the  observed  rays  have  sprung  up  from  the 
lorface  of  the  sun.  The  values  may  be  slightly  in  error  by 
the  small  inaccuracy  of  the  chosen  a,  but  the  changed  projec- 
tion resulting  from  this  imperfection  is  not  great. 

This  table  shows  that  the  coronal  rays  have  their  bases  in  a 
£one  about  84  degrees  from  the  coronal  pole,  the  belt  being 
about  ten  degrees  in  width,  but  its  maximum  density  at  the 
[>arallel  of  34  degrees.  The  conclusion  is  drawn  that  there  are 
lo  visible  rays  in  the  neighborhood  of  the  poles,  and  hence  the 
tppearance  of  the  corona  is  similar  to  that  of  the  terrestrial 
lurora. 

Position  of  the  Coronal  Poles, 

We  find  the  location  of  the  north  and  south  poles  of  the 
^rona  in  the  following  way. 

Let  r,  ^,  represent  the   measured  p 
coordinates  of  each  point,  with  the 
mmerical  suffix.  c 

or,  =  angle  at  pole  of  disk  to  the 
K>int  on  the  ray. 

p^  =  angular  distance  from  pole  of 
lisk  to  point. 

ff  =  angular  distance  from  coronal 
[>ole  to  point. 

r'  =  radius    of   spherical    surface 
through  point. 

B  =  angle   at   coronal   pole  from 
pole  of  disk  to  point. 

c  =  angular   distance    of    coronal 
pok  from  pole  of  disk.  P  =  projection    of  coronal  pole   c 

1  nen  x^  —  r^  sm  o  ^^  ^  plnne  through  the  poles  of 

y,  =  r,  cos  6^.  the  ecliptic 

2j  =  x^  tan  flfj,     D,  =  ajj  sec  a^, 

tan/>^  =  — i  =  tan  0^  sec  a^. 

r*  =  nj,*  sec'a,  +yi*. 

N  =  — . s,  where  r  =  1  for  typical  N,  and  0^  is  the  mean 

angle  as  computed. 

8in»^'  =  ^ .  N. 
Stt 

In  the  Spherical  Triangle  ABC  we  have  given,  a  =  ^',  ft  =/>i, 

A  =  90*— a,. 

Hence,  sin  B  =  sin  />i  cos  a^  coseo  0\ 

,         cosi(A4-B)  ,,        ^,. 
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If  d^  18  smaller  than  j?^  c  is  positive,  and  the  coronal  pole  is 
on  the  earth  side  of  the  plane  of  the  disk. 

This  table  is  computed  by  taking  the  first  point  measured  on 
each  ray,  and  selecting  the  values  of  r,  0^  from  Table  II,  and 
a,  0^  from  Table  111.  As  shown  by  the  formnla,  r'  ^  is  the 
computed  point  whose   coordinates  of  projection  were  meta- 
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nred ;  p  is  the  angular  distance  from  the  pole  on  the  disk ;  A 
and  B  the  interior  angles  of  the  triangle  at  the  respective  poles, 
and  c  the  required  angular  distance  of  the  coronal  pole  from 
the  disk  plane. 

Now  investigate  the  heliographic  latitude  over  which  these 
coronal  streamers  appear  to  terminate  as  definite  lines.  By 
many  computations  it  is  found  that  the  r  for  the  extreme 
points  measured  is  equivalent  to  the  log  r'  =  0*39800,  of  lines 
which  leave  the  sun  at  polar  distance  d^  =  34^. 

N  =  — . ,  where  r  =  1  at  the  surface;  hence  N  =  2*620. 

3        r    '  ' 

Then,  sin*^  =  ^- ;  and  <?  =  62°  10'. 

The  correspondiuj^  equatorial  distance  is  90°— 62®  10'= 27°  50', 
which  is  in  the  midst  of  the  zone  of  the  sun  spots  at  the  mini- 
mnm  of  the  period. 

The  heliographic  latitude  and  longitude  of  the  north  and 
the  south  coronal  poles,  as  seen  on  July  29,  1878,  are  obtained 
as  follows. 

6 


/sl^iu  'PrU.. 


Location  of  the  coronal  poles  for  July  29,  1878. 


K  Poles  of  the  echptic. 
S  Poles  of  the  sun's  axis. 
B  Poles  of  the  plane  of  the  equator. 
C  Poles  of  the  corona. 
D  The  center  of  the  disk. 

KP  The  plane  through  the  poles  of  the  ecliptic  perpendicular  to  the  radios 
vector  to  the  earth. 
M  The  projection  of  poles  of  the  corona  on  the  disk. 
N         "  "  '*       sun  "        " 

P         "  "  "       equator     " 

0  The  direction  of  the  ascending  node  at  74"  longitude. 
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The  North  Pole. 

KN  Position  angle  KDS=:  +  4**  27''6  counted  from  N  to  W. 

KP  "  EDK=-14*'  22'-l  *•  N  "  R 

PN  "  EDS=-  9**64'-6  «  N«R 

NM  Position  angle  of  coronal  pole  =  —  1°  6' coanted  from  N 
to  E. 

MC  Angular  distance  of  coronal  pole  from  plane  of  disk,  on 
the  side  towards  the  earth  =  1®  34''8. 

PM  Position  angle  of  coronal  pole=:  — 11**  0'*6  counted  N  toR 

KS  The  inclination  of  the  sun's  equator=7°  15'. 

NKS=(270^+O)— (2T0°-hV4°)  =  126°  10'-97--74**=62'*  10-'9. 

tan  NK=co8  NKS  tan  KS=8-89212.     NK=4*  27'-6. 

sin  SN=8in  NKS  sin  KS=8-90866.     SN=5°  4I'-6. 

ST=SN-CM=4°  6'-8.     CT=MN  cos  CM  =  1'  6'-97. 

cos  CS=co8  CT  cos  ST=9'99880.     CS=4°  16'-4. 

cot  CST=sin  ST  cot  CT=0-67257.     CST=14°  58'-8. 

NKS=52°  10'-9.     XSK=:38°  2'-6.     NSC=I4**  58^-8. 

CSK=NSK-NSC  =  23°  3'-8.     OSK=:90^ 

OSC=OSK-CSK=66°  56'-2.     Heliographic  longitude. 

90— SC=  85°  i4'-6.         "  latiiude. 

Coordinates  of  the  north  coronal  pole: 

Long.       66*^  56'-2 
Lat.     +85**  44'-6 

The  South  Pole, 


SC=0"  i>()'-5. 

cot  C^STz=sin  ST  cot  CT=0-07400. 

CST  =    40°     8'-5. 

SKN=   52°  lO'-O. 

NSK=   38°    2'-6. 

CSX=   40°     8'-5. 

CSK=  78°  ll'-l.     ()SK  =  90. 

OSC  =ir>8°  ll'-l.     Heliographic  longitude. 

90— SC=80°  39-5.  ''  latitude. 

Coordinates  of  the  south  coronal  pole  : 

Long.      168°  ll'l  Difierence  of  longitude. 

Lat.      —   80°  39'-5  101°  14'-9 
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counted  E  from  S.                                     | 
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4°  27'-6. 
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7°     0'-7. 

cos  S(/  =  COS 

ST  cos  CT= 

:9-99420.     CT=6°  59'-88. 
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It  is  interesting  to  compare  these  coordinates  of  the  polari- 
tion  of  the  sun  with  the  similar  coordinates  of  the  magnet- 
n  of  the  earth,  as  given  by  Erman  and  Petersen  for  1829, 
om  Gauss'  Theory. 

North  Pole,  Long.      266°    3'-8 

Lat.  73°  21'- 

South  Pole,  Lon.         150°  44'-9 

Lat.     —  72°  40'-4 
Difference  of  Longitude,  1 15°  18''9 

This  fact  of  general  agreement  of  the  difference  of  longitude 
ay  be  purely  accidentsu,  or  it  may  point  to  some  fundamental 
w  of  polarized  rotating  spheres. 

This  analysils  of  the  solar  corona  suggests  certain  conclusions. 

1.  The  force  seems  to  be  repulsive,  the  law  of  its  action 
iing  expressed  by  a  transcendental  equation  of  the  second 
jgree.  This  agent  is  sufficient  for  the  transportation  of  finely 
bdivided  matter,  and  harmonizes  with  the  lack  of  density  of 
e  sun's  atmosphere,  as  indicated  by  its  failure  to  influence  the 
otion  of  comets  passing  within  its  limits. 

2.  The  individual  streamers  are  grouped  in  a  zone  about  ten 
agrees  wide,  whose  maximum  density  is  at  34  degrees  from 
le  coronal  poles.  The  number  of  such  rays  is  not  great,  but 
leir  actual  dimensions  are  enormous.  The  average  linear 
Isible  extension  is  about  one  solar  radius,  and  regarding  the 
»idual  propulsion  and  curve  of  the  trajectory  their  extremities 
•e  located  normally  above  the  sun  spot  belts.  At  this  place 
16  incandescence  of  the  material  particles  apparently  ceases, 
id  if  condensation  sets  in,  there  would  exist  the  conditions 
3quired  for  the  precipitation  of  cool  masses,  whose  fall 
pon  the  surface  of  the  sun  is  generally  supposed  to  produce 
le  spots.  It  is  at  this  zone  of  maximum  for  the  coronal  rays 
lat  the  deficiency  of  the  prominences  has  been  observed,  and 
lere  may  well  be  a  physical  connection  between  these  two 
lasses  of  phenomena.  The  reentering  form  of  the  curves  is 
Iso  consistent  with  the  existence  oi  atmospheric  currents 
owing  from  the  polar  regions  towards  the  equator,  and  a 
tudy  of  the  angles  of  inclination  of  the  prominences  relatively 
:>  normals  may  develope  some  evidence  on  this  point.  The 
ondensed  bodies  of  light,  seen  on  two  axes  at  40  degrees  from 
he  poles,  are  doubtless  due  to  the  perspective  effects  of  the 
laximum  zone  as  it  passes  around  the  sides  of  the  sun ;  and 
he  structureless  equatorial  wing  is  no  doubt  a  floating  mass 
f  matter,  cooling  in  the  process  of  preparation  for  precipi- 
ation.  This  return  of  the  ejected  matter  to  the  sun  is  consid- 
red  necessary  to  account  for  the  relation  of  the  total  flow  of 
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energy  ontwards  and  the  rate  of  change  in  its  Tolnmetric 
dimensions,  as  derived  from  theory. 

3.  The  location  of  the  coronal  poles  at  successive  eclipra 
will  afford  a  means  of  determining  the  period  of  the  rotation 
of  the  snn  on  its  axis,  in  consequence  of  the  large  nnmber  of 
revolutions  occurring  betvreen  such  epochs.  It  would  be 
necessary  to  assume  tliat  the  axis  of  polarization  of  the  sphere 
remains  the  same,  as  is  probably  the  casa 

4.  The  accelerated  an^lar  velocity  of  the  equatorial  belts 
as  compared  with  the  polar  regions,  would  result  from  the 
descent  of  cool  matter  irom  high  altitudes  above  the  surface 
of  the  sun,  each  particle  being  considered  as  a  satellite  ap 
proachinff  its  center  of  gravity.  The  motion  of  the  spot  belts 
m  latitude  synchronously  with  the  display  of  energy  as  re- 
corded by  the  maxima  and  minima,  may  be  due  to  a  corres- 
ponding motion  of  the  maximum  zone  towards  and  from  the 
poles,  with  the  accompanying  elevation  of  the  ends  of  the 
coronal  stream  lines ;  or  to  changes  in  the  relative  energies  of 
propulsion,  as  a  function  of  the  time.  It  is  possible  that  a 
picture  of  the  corona  may  be  sometime  taken  wnich  will  show 
these  streamers  distributed  in  two  parallel  belts  a  few  degrees 
apart.  It  is  a  most  interesting  question  in  physics  as  to  the 
reason  of  the  location  of  this  coronal  zone  at  the  computed 
distance  from  the  poles,  since  it  suggests  also  a  problem  similar 
to  that  of  the  terrestrial  auroras.  At  this  place  the  linear  dis- 
tance across  the  greatest  number  of  eqnipotential  surfaces,  is 
apparently  the  shortest,  hence  it  may  be  the  path  of  least  re- 
sistance. There  should  also  be  a  connection  between  the  dis- 
tribution of  the  actinic  light  of  the  corona  and  the  eqnipotential 
surfaces,  and  it  is  not  unlikely  that  the  light  is  simply  propor- 
tional to  the  potential. 

This  discussion  suggests  the  importance  of  securing  photo- 
graphs of  the  corona  sufficiently  large  to  admit  of  accurate 
measurements ;  the  necessity  of  studying  the  relation  between 
the  position  of  the  streamers  and  the  spots  at  the  moment  of 
the  eclipse ;  and  the  possibility  of  deriving  the  period  of  the 
sun's  axial  rotation  from  the  coronas  of  successive  eclipses. 
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Art.  XLV. — Superimposition  of  the  Drainage  in  Central 

Texas;  by  Ealph  S.  Tarr. 

In  the  number  of  this  Journal  for  last  May  the  writer  de- 
scribed the  general  history  of  the  drainage  system  of  Central 
Texas  as  far  as  it  could  be  read  with  our  present  knowledge  of 
the  region.  In  that  paper  it  was  shown  that  the  present  drain- 
age is  superimposed,  having  originated  upon  the  Cretaceous 
strata  in  Tertiary  times  and,  after  removing  this  covering  from 
the  buried  Paleozoic  rocks,  finding  itself  superimposed  upon 
these  hard  rocks.  There  is  abundant  proof  of  this ;  for  the 
central  Paleozoic  region  is  only  partially  uncovered  and  the 
denudation  of  the  Cretaceous  is  still  in  progress.  One  of  the 
chief  effects  of  the  superimposition  is  that  the  Colorado  river, 
one  of  the  great  arteries  of  eastern  Texas,  flows,  in  its  middle 
course,  for  many  miles  over  hard  Silurian  marble  containing 
great  quantities  of  flint.  This  barrier,  accidentally  discovered 
in  cutting  through  the  Cretaceous,  has  retarded  the  river  in  its 
down  cutting. 

Since  writing  the  former  pap^r  two  points  connected  with 
the  drainage  of  Central  Texas,  which  then  puzzled  me,  have 
become  clear ;  and  as  they  are  interesting  confirmations  of  the 
superimposition  theory  for  the  origin  of  the  present  drainage 
of  the  region  I  give  them  below. 

A  superimposed  river,  having  selected  its  course  with  refer- 
ence to  a  structure  now  no  longer  present,  naturally  finds  itself 
flowing  without  reference  to  the  nature  of  the  newly  discov- 
ered beds.  Thus  it  is  that  the  Colorado  in  central  Texas  is 
now  busy  with  a  barrier  of  hard  Silurian  rock,  and  thus  it  is 
that  this  river  flows  with  a  general  course  tit  right  angles  to 
the  strike  of  the  Carboniferous  rocks  and  in  an  opposite  direc- 
tion to  the  dip. 

Not  only  the  Colorado  itself,  but  all  its  tributaries  flow  with- 
out especial  reference  to  structural  weakness ;  but  the  smaller 
branches  take  advantage  of  the  structural  peculiarities,  show- 
ing, in  many  cases,  that  they  are  more  recent  in  origin  than  the 
time  of  removal  of  the  Cretaceous.  Moreover,  some  of  the 
medium-sized  streams,  which  in  their  upper  and  middle  course 
flow,  perhaps  on  Cretaceous,  quite  regardless  of  Carboniferous 
Btmctorey  have  nearer  their  mouth  partly  readjusted  themselves 
to  the  new  conditions.  The  number  of  strite  valleys  in  the 
lower  oonrse  of  such  streams  is  quite  astonishing  since  it  shows 
to  how  great  an  extent  drainage  is  dependent  upon  structure 
and  how  readily,  even  under  great  disadvantages,  streams  will 
make  use  of  snch  weaknesses.     In  the  Carboniferous  this  is 
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particularly  noticeable  in  valleys  carved  in  soft  clays  and  shale. 
For  instance,  the  Waldrip  Division  of  soft  coal-bearing  beda, 
for  a  distance  of  more  than  30  miles,  is  marked  by  a  topo- 
graphic depression.  A  single  stream  does  not  follow  this  line 
of  weakness  continually  as  would  very  likely  liave  been  the 
case  had  the  Carboniferous  formed  an  original  drainage-sur- 
face, but  small  streams  have  their  head-waters  here  and  larger 
creeks  flow  in  it  for  some  distance  before  leaving  it  to  cross 
the  hard  underlying  limestone. 

Everywhere  may  be  seen  signs  of  attempts  at  rejuvenation, 
but  it  was  not  until  lately  that  I  was  able  to  see  that  the  Colo- 
rado itself  shares  this  peculiarity.  This  river  flows  with  a  very 
serpentine  course  through  the  Carboniferous,  having  a  leDgtL 
along  the  boundary  of  San  Saba  county  of  50  miles,  while  at 
the  end  it  is  only  30  miles  from  the  flrst  point  In  one  place 
it  makes  a  bend  six  miles  long  where  a  cut  oflf  would  reduce 
the  distance  to  two  miles.  Several  possible  reasons  suggest 
themselves  in  explanation  of  this  phenomenon  which  is  quite 
remarkable  in  a  nver  with  a  fall  of  from  two  to  three  feet  per 
mile.  Since  the  Colorado  is  a  superimposed  river  flowing  in 
its  present  course  chiefly  by  accident,  it  is  possible  that  l>efore 
the  Quateniary  uplift  the  river  may  have  been  suflSciently  old, 
in  this  part  of  its  valley,  to  have  the  serpentine  course  coranion 
to  such  rivers.  Thus  the  present  form  of  valley  may  be  in- 
herited from  that  time.  Another  possible  cause  is  that  the 
plow  removal  of  the  Silurian  by  retarding  the  down-cutting  in 
this  part  of  the  river-channel  has  induced  a  temporary  old-age 
conditicm.  That  this  is  the  ease  to  a  certain  degree  is  abund- 
antly proved  by  the  extensive  flood  ])lain8  of  the  Colorado  and 
its  side  streams ;  but  whether  this  is  a  suflBcient  cause  to  ac- 
count for  the  phenomenon  at  present  under  consideration  is 
doubtful.  It  may  be  that  both  these  causes  have  had  some 
effect,  but  the  chief  cause  is  (juite  different  and  is  to  be  found 
in  the  futile  attemi)t  of  the  C 'olorado  to  adjust  itself  to  the  new 
conditions  which  it  has  found  in  its  enforced  path,  probably 
aided  somewhat  by  the  Silurian  barrier  which  has  prevented 
rapid  (lown-cuttin<2:. 

The  evidence  of  this  attempt  at  readjustment  is  that  all  the 
main  bends  in  the  river  have  one,  and  generally  both,  of  the 
long  sides  of  the  looj)  parallel  to  the  strike  of  the  Ca^bouife^ 
ous.  This  is  the  case  in  eleven  distinct  instances,  and  in  one 
case  the  river  flows  northeast  for  four  miles  before  turning  and 
cutting  across  the  strike  to  resume  its  natural  course.  Above 
Elliot  Creek  in  Mills  county  there  is  a  stratum  of  coarse,  thick- 
^bedded  sandstone,  which  has  deflected  the  Colorado  river  south- 
it  along  the  strike  for  a  distance  of  three  and  one-half  miles 
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before  it  cats  across  it ;  and  then  the  river  flows  northeast  for 
a  mile  before  resuming  its  natural  direction  southeastward. 

Another  hitherto  unexplained  phenomenon  in  connection 
vith  the  drainage  of  Central  Texas  is  that  the  divide  between 
the  Brazos  and  tlie  Colorado  rivers  is  close  to  the  latter,  being 
in  places  only  six  miles  distant,  while  it  is  fully  seventy-five 
miles  from  the  former.  All  along  the  entire  course  the  Colo- 
rado hae  almoBt  no  drainage  area  on  the  east  side.  The  reason 
for  this,  so  loug  a  puzzle  to  me,  now  seems  plain — it  is  the 
resnlt  of  accidents,  brought  a))out  by  superpoBttion.  The 
aocompanyiiig  diagram  illustrates  thic  peculiarity  of  drainage. 


It  is  probable  that  both  the  Brazos  and  the  Colorado  origi- 
nated under  practically  the  same  conditions,  that  is,  upon  tne 
new  Cretaceous  land  elevated  above  the  sea  during  the  great 
Tertiary  mountain  uplift  Their  course  was  plainly  chosen 
with  reference  to  conditions  appearing  on  the  surface  then 
existing  without  regard  to  what  lay  oelow.  After  cutting 
throagu  the  soft,  nearly  horizontal  Cretaceous  rocks,  the  Colo- 
rado came  upon  the  buried  Paleozoic  and  encountered  not  only 
the  Carboniferous  fur  a  considerable  distance,  but  also  the 
much  harder  Silurian  with  which  it  has  long  been  struggling. 
The  Brazos,  on  the  other  hand,  by  the  accidental  clioiee  of  a 
more  easterly  course  avoided  these  difficulties.  To  be  sure 
this  river  in  its  middle  and  upper  course  is  superimposed  upon 
the  Carboniferous  rocks,  but  the  removal  of  these  is  a  very 
simple  task  compared  to  that  the  Colorado  had  imposed  upon 
it.  The  consequence  of  this  difEerence  between  the  two  rivers 
ig  that  while  the  Colorado  in  Mills  county  flows  at  an  elevation 
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of  1,200  feet  above  the  sea-level,  the  Brazos  in  the  same  lati- 
tude has  cut  down  to  within  600  feet  of  the  sea-level  in  its  soft 
bed. 

This  fact  has  given  the  Brazos  a  great  advantage  over  its 
competitor,  the  Colorado,  for  drainage  territory ;  and  this,  in 
the  battle  for  conquest  of  headwater  drainage  area,  has  enabled 
the  Brazos  to  push  the  divide  close  up  to  the  Colorado  in  terri- 
tory, which,  under  more  favorable  circumstances,  should  belong 
to  the  latter  stream.  The  side  streams  of  the  Brazos  having  a 
much  lower  plane  to  which  it  was  possible  to  base  level  the 
driEiinage  area  than  those  of  the  Colorado  had  were  much  more 
powerful  agents  of  erosion ;  and  the  result  is  that  a  tributary 
to  the  Colorado  from  the  east  is  rarely  10  miles  long,  while 
Brazos  tributaries,  heading  in  the  same  divide,  flow  lully  75 
miles  before  emptying  into  their  mother  stream. 


Art.  XLVI — A  description  of  the  ^^  Bemardston  Series'' 
of  Metamorphic  Upper  Devonian  Bocks ;  by  Ben  K 
Emerson. 

[Continued  from  p.  275.] 

The  position  and  extension  of  the  basal  quartzite  was  the 
first  clue  to  the  complex  stratigraphical  arrangement  of  the 
series  in  its  eastward  continuation.  Beginning  at  the  point 
already  described,  east  of  the  road  to  East  Mountain  (back  of 
"  Mrs.  Haley's "  on  the  map),  with  a  strike  due  east,  it  has 
bent  round  to  N.  65°  E.  before  it  goes  under  the  massive  druni- 
lin  which  lies  east  of  the  river,  and  on  its  emergence,  it  is 
abundantly  exposed,  with  the  same  strike,  along  the  southern 
of  the  two  northwest  roads  mentioned  above,  especially  south 
of  A.  G.  Chapin's  house.  Taking  the  direction  of  this  road 
across  the  valley  of  Dry  brook,  it  can  be  followed  readily,  with 
the  same  strike  and  low  S.E.  dip  and  physically  unchanged, 
through  the  chestnut  woods  N.W.  of  the  end  of  Purple's  blind 
road,  crossing  the  first  north  and  south  road  in  Korthfield, 
where  a  loop  of  the  brook  crosses  the  road ;  and  gradually 
bearing  round  to  the  north,  it  crosses  the  State  line  with  a 
strike  K  10°  W. 

(J)  The  quartzite  conglomerate. — Back  of  Mrs.  Haley's,  on 
the  Fall  Kiver  road,  and  just  east  of  the  Williams  farm,  across 
the  valley,  ledges  of  the  rock  appear,  and  it  outcrops  abund- 
antly along  the  second  road  running  east  from  the  Fall  River 
road  (A.  G.  Chapin's)  to  its  end.  "Where  the  road  begins  it  is 
an  obscurely  bedded  conglomerate  of  quartz  pebbles,  in  a  dark 
paste  containing  much  slaty  material.  The  conglomerate  here 
toward  its  base  is  exactly  like  the  same  rock  west  of  the  lime- 
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tone  on  the  Williams  farm,  and  I  have  no  donbt  that  they 
^ere  formerly  connected  across  the  valley.  Higher  up,  the 
ock  is  a  pudding  stone  with  rounded  quartz  pebbles  up  to 
.00™  in  length,  but  mostly  20-30"*"  long;  the  abundant 
[uartz  sand  paste,  which  wraps  round  them,  cleaves  into  thick 
Etyers  coated  with  muscovite  scales  and  iron  rust,  so  exactly 
ike  the  upper  quartzite  of  the  Williams  farm,  especially  the 
oziglomerate  layer,  that  it  is  difficult  to  avoid  the  conclusion 
hat  they  are  also  parts  of  a  single  stratum.  Calculated  upon 
tB  average  dip  of  20°  the  thickness  of  the  bed  is  123  meters, 
^hich  is  only  a  rough  approximation. 

In  the  field  south  of  A.  G.  Chapin's  house  is  an  interesting 
mtcrop.  The  rock  is  here  jointed  with  almost  mathematical 
ccuracy,  into  acute  rhombs,  the  joint-planes  passing  through 
he  quartz  pebbles ;  and  the  latter  are  finely  compressed,  and 
udented  one  by  another.  The  rock  here  carries  garnets  5°^" 
cross.  The  rock  is  unchanged  across  Dry  Brook  for  a  long 
[istance  to  the  northeast,  when  it  crosses  the  last  road ;  but 
»nce  over  the  range  (J.  M.  Picket)  at  a  point  where  the  brook 
nakes  a  loop  across  the  road,  the  pebbles  are  flattened  out  into 
hin  disks,  resembling  the  small  lenses  of  quartz  common  in 
rystalline  rocks,  making  it  almost  doubtful  if  they  may  not  be 
►f  secondary  origin — a  doubt  which  does  not  extend  to  the 
ange  described  above.  In  the  woods,  southwest  of  this  point, 
he  rock  in  some  beds  is  in  appearance  a  fine-grained  biotite- 
pieiss,  with  large  garnets  surrounded  by  a  broaa  annular  color- 
ees  space,  in  which  the  biotite  is  wanting ;  and  in  following 
he  band  farther  north,  the  pebbles  grow  smaller,  and  where 
b  crosses  the  State  line  it  is  below  a  thin-bedded  biotitic 
aartzite,  above  a  mnscovitic  quartzite ;  and  in  some  layers 
be  muscovite  becomes  abundant  and  wraps  around  pencils  of 
loartz,  so  that  the  rock  obtains  a  rude  columnar  or  ligniform 
tructure.     It  has  here  an  apparent  thickness  of  107  meters. 

At  the  point  already  mentioned  on  the  grist  mill  road  (J.  M. 
^ickett)  where  the  brook  makes  a  short  loop  across  the  road, 
t  the  south  bridge  is  a  fine  section  in  a  high  bluff,  west  from 
he  bridge.  The  conglomerate  strikes  N.  45°  E  and  graduates 
lownward  through  fifty  feet  of  quartzite  into  fine  micaceous 
uartzite  and  this  into  flat  argillite  with  minute  transverse 
aotites.  The  whole  is  well  exposed  and  plainly  conformable. 
ts  dip  increases  from  22°  at  the  south  end  to  45°  at  the  north 
nd,  where  the  upper  portion  of  the  bed  has  this  high  dip, 
rbile  the  lower  portion  runs  up  on  the  argillite  with  the  low 
lip  of  20°.  It  thus  folds  around  and  dips  away  from  a  great 
►romontory  of  the  argillite ;  and  it  is  blackened  in  many  places 
»y  a  remnant  of  the  argillitic  material. 
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JuBt  after  croseiDg  the  State  line  into  Sontli  VetnoQ  it  bende 
sharply  to  tlie  sontnwest,  recroeees  the  Stateline  and,  at  the 
point  where  the  grist-mill  road  (J.  M.  Pickett)  crossee  the 
town-line,  bends  again  northwest  and  swings  in  a  great  cnrve 
north  across  Vernon.  All  this  is  well  exposed  juBt  north  of 
tlie  last  house  before  crossing  the  line  (M.  Mernlle),  and  the 
argiltite  where  it  is  nipped  by  the  aharpiy  bendinp^  quartzite  is 
greatly  crushed  and  tilled  with  quartz  combs.  This  boandary 
creeses  the  next  road  north— the  old  Bernardston- Vernon  road 
— at  a  small  abandoned  honse  (two  honses  below  the  school 
house)  where  the  brook  comes  nearest  the  road.  Jnat  behind 
this  house  in  the  side  of  the  brook  is  exposed  a  most  interesting 
junction  of  the  conglomerate  upon  the  argillite.  Commendnf; 
at  a  mined  dam  perhaps  15  rods  from  the  house  we  find  typical 
argillite  which  changes  through  a  few  feet  of  spangled  scbiet 
into  thin  fissile  black  muscovitic  quartzite  with  some  thicker 
highly  crj'Stalline  layers,  and  this  graduates  into  a  higiily 
muscovitic  very  vitreous  quartzite,  which  is  at  one  place  i 
conglomerate  of  rounded  quartz  pebbles  2  to  4  in.  long.  Tliie 
is  where  the  water  falls  over  a  reef  3  to  4  feet  high ;  it  is 
2  rods  below  a  wooden  bridge.  Immediately  below  is  a  bed 
of  heavy  hornblende  rock,  massive,  in  places  showing  a  reticu- 
lated structure :  masses  of  this  rock  built  into  the  piers  of  i 
wrecked  bridge  just  behind  the  honse  show  pebbles,  and  con- 
tain also  miicli  ^reon  mica,  often  quite  coarse  and  rescmbtiii^ 
the  niiuv  giicissoid  rock  found  out  over  the  South  Vemcm 
plain  to  the  river  and  classed  by  Professor  Hitchcock  as  B<tli- 
leheni  gneiss.  The  series  strikes  X.  55"  W.  and  dips  45°  E. 
The  outcrop  is  continuous  and  shows  a  gradual  passage  tlironirh 
a  spangled  argillite  and  line-grained  quartzite  into  conglom- 
enitt',  often  coiirscly  garuetiferous,  the  change  being  effected 
within  .'>0  feel  and  showing  no  trace  of  nnconformity.  Manr 
ina^sos  t»f  a  thin  tis.*ile  pyritous  magnetite  occur  here,  but  the 
IhhI  could  not  Ik-  found  in  place. 

Kiist  of  the  UniTidary  line  just  described,  across  Vernon  to 

the  river,  the  whole  area  is  underlaid  by  the  basal  quartzite 

exci'pt  where  the  West  Northfield  schist  series  extends  acruss 

the  t>tate  line,  west  of  the  village  of  South  Vernon  ;  and  across 

the  bnx>k  it  rises  in  the  hit!  back  of  S.  Titus's,  where  the  roaif 

to  the  lily  pond  branches  from  the  Bi-attleboro  road.     It  dijw 

L.       for  the  iiioflt  part  to  the  east  except  east  of  the  lily  pond, 

^^^|bero  a  ininor  fold  of  considerable  size  occurs,  caused  by  the 

^^^^■M  bend  of  the  quartzite  on  the  State  line,  and  here  the  beds 

^^^^■■outh.     Followeil  eastward   it   l>ecomefi  more  and  more 

^^^^^Huthic  and  the  muscovite  is  largely  replaced  by  biotite, 

^^^^^^■Dg  «  completely  gueissoid  rock.    It  is  here  not  distinguisli- 
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able  from  the  feldspathic  quartzite  occurring  east  of  the  West 
Northfield  Beries  and  described  below. 

2%e  Vernon  limestone,  —  On  the  Lily  Pond  road  above 
mentioned  and  just  east  of  E.  G.  Scott's  house  occurs  a  band 
of  limestone.  It  is  a  coarse  granular  limestone,  higlily  crys- 
talline, of  light  color,  containing  some  garnet,  hornblende  and 
green  mica.  It  contains  what  seem  to  be  distinct  traces  of  corals 
and  crinoids  and  in  everyway  closely  resembles  the  Beraardston 
bed  with  which  I  identify  it  without  hesitation.  Especially  do 
the  weathered  surfaces  show  a  peculiar  conglomerate-like  struc- 
ture common  at  Bernardston.  Large  rounded  fragments  of  a 
fine  grained  white  limestone  are  cemented  by  a  coarser  and  more 
highly  crystalline  limestone,  the  latter  in  large  amount,  as  if  the 
rock  had  been  brecciated  by  pressure  and  then  the  fragments 
rounded  by  percolating  waters  and  re-cemented.  This  bed  is  ex- 
posed about  80  rods  and  may  have  a  thickness  of  as  many  feet, 
but  its  boundaries  are  not  well  exposed.  Toward  the  west  it 
graduates  on  the  strike  into  a  calcareous  hornblende  schist,  and 
above  that,  to  the  south,  through  an  actinolitic  quartzite  into 
a  quartzite  abounding  in  large  garnets  and  blotches  of  a  greenish 
mica,  while  below  it  is  succeeded  by  very  coarse  hornblende 
schist  in  large  force.  The  whole  series  is  enclosed  in  the 
gneissoid  quartzite. 

Description  of  the  range  from  Bernardston  to  South  Ver- 
non.— Directly  opposite  the  Williams  farm  and  200  rods  dis- 
tant, on  the  ea§t  side  of  Fall  River,  begins  a  range  of  low  hills, 
which  runs  northeast  between  the  two  towns  named  above. 
This  range  of  hills  is  backed  on  the  northwest  by  a  much  higher 
range  of  argillite  hills — Bald  Mountain,  Pond  Mountain — and 
bounded  on  the  southeast  by  the  high  terrace  sands  through 
which  one  large  area  and  many  smaller  islands,  of  the  rocks  of 
the  Bernardston  series,  emerge.  I  have  called  this  the  West 
Northlield  range,  from  the  town  in  which  it  for  the  most  part 
lies.  The  road  running  along  the  east  side  of  Fall  River  skirts 
the  range  at  its  western  end,  and  the  main  road  from  Bernards- 
ton  to  South  Vernon  borders  it  on  the  south  and  east,  while  the 
roads  which  branch  from  the  latter  and  cross  the  range  are 
named  from  some  resident  upon  each,  as  given  in  Beers  atlas, 
and  as  marked  on  the  map  on  page  264. 

The  mapping  of  this  area  was  aiflScult  both  because  the  rocks 
are  thrown  into  great  confusion,  many  l)eds  being  in  places 
echeloned,  so  that  the  local  strike  regularly  disagreed  with  the 

Eneral  run  of  the  bands,  and  because  of  the  presence  of  several 
'ge  drumlins  which  effectually  conceal  the  underlying  rock. 
The  intervening  areas  are,  however,  so  entirely  free  irom  drift, 
up  to  the  very  foot  of  these  hills,  that,  were  it  not  heavily 
wooded,  the  region  would  furnish  abundant  outcrops,  and,  as 
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it  is,  the  fragments  on  the  snrfaoe  can  be  safely  used  to  dela<> 
mine  the  rock  below.  The  series  wraps  roimd  the  arsillHe, 
and  uniformly  dips  away  from  it,  generally  at  low  angm,  it 
first  south,  and  then  for  a  long  distance  southeast;  then  it 
swings  sharply  round,  crossing  the  State  line  with  dips  a  little 
north  of  east,  making  thus  a  great  bend  to  the  westward  is  it 
crosses  the  town  of  Y emon.  I  have  not  been  able  to  prove 
the  existence  of  folds  or  overturns,  and  the  present  position  of 
the  beds  seems  to  be  best  explained  as  tne  result  of  veij 
extensive  faulting. 

(a.^  The  Araulite, — ^I  have  assigned  to  the  ai^lite  the 
broaa  area  marked  ^^  Coos  '*  upon  Professor  Hitchco<d['s  map, 
to  which  he  also  assigns  the  slates  of  the  Bemardston  serieB, 
because  I  have  found  that  the  boundary  between  it  and  the 
argillite  to  the  west,  as  given  upon  that  map,  has  no  justifici- 
tion  in  any  pliysical  change  in  tne  character  of  the  rock  where 
it  is  drawn,  and  the  argnlite  can  be  traced  unchanged  up  to 
and  dipping  beneath  the  quartzite  next  deecribed.  It  is  true 
that  minute  scattered  garnets  and  very  small  etaurolites  are 
found  sparingly  in  the  rock  in  some  places  in  this  area,  and 
these  seem  to  have  been  relied  upon  t>y  Professor  Hitchooek 
in  making  the  assignment  of  the  rocks  to  the  Coos ;  but  the 
same  garnets  can  be  found  at  times  in  the  undoubted  aigillite 
in  West  Mountain,  and  these,  and  the  same  minute  staurolites, 
occur  in  the  center  of  the  Whately  argillite,  and  both  the 
minerals  are  very  different  from  their  representatives  in  the 
Coos  group.  Both  in  macroscopical  and  microscopical  struc- 
ture, tlie  rock  remains  quite  constant  up  to  the  quartzite,  and 
in  its  iiner  grain,  its  dailcer  color,  its  excessive  contortions,  and 
its  abundant  and  large  quartz  veins,  it  is  well  distinguished 
from  the  slates  of  the  liiglier  series. 

(c.)  The  inica  schist  and  horixblende  beds, — Resting  on  the 
basal  quartzite,  and  dipping  from  it  with  low  angle  to  the 
south,  southeast  and  east  successively,  as  it  folds  around  con- 
formably with  it,  is  a  broad  area  of  mica  schist,  with  several 
bands — probably  iive — of  hornblende  rock,  and  a  central  band 
of  giieissoid  quartzite.  From  the  unequal  rigidity  of  these 
rocKS,  they  are  thrown  into  great  confusion,  and  from  the 
similarity  of  the  rock  in  the  separate  bands,  the  tracing  of 
them  is  very  difficult,  and  as  they  are  placed  upon  the  map,  a 
greater  regularity  appears  than  exists  in  the  field,  many  bandi 
being  made  up  of  the  slightly  shifted  portions  of  wiiat  wai 
originally  one,  and  many  minor  faults  being  of  necessitj 
neglected. 

in  general  the  schist  is,  below,  finer  grained,  more  slatv, 
with  small  development  of  the  transverse  mica,  without  stanro- 
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lite,  and  with  quite  small  garnets,  becoming,  above,  coarser,  of 
rougher  surface,  and  knotted  with  larg^  staurolites. 

At  the  south  end,  nearest  the  Williams  farm,  the  basal 
qniirtzite  dips  beneath  a  very  iine-grained  flat  fissile  mica  slate, 
which  dips  20®  in  the  direction  S.  10°  E.,  its  surface  sparsely 
pimpled  with  small  garnets,  and  without  other  accessories  and 
closely  like  the  underlying  schist  of  the  Williams  farm  section. 

The  lowest  bed  of  hornblende  rock,  here  thin  and  poorly 
exposed,  is  followed  by  a  second  band  of  mica  slate  exactly 
like  the  first,  which  passes  with  the  same  dip  and  strike  beneath 
a  massive,  dark  gray  to  greenish-black  hornblende  rock,  greatly 
jointed,  and  this  is  exposed  in  a  broad  area  nearly  down  to  the 
main  road  running  east  from  Bemardston,  and  extending  east 
to  the  house  of  S.  J.  Green,  100  rods  west  of  the  locality  men- 
tioned by  Professor  Dana.*  It  contains  a  central  band  of 
dark  limestone  at  times  30"**  thick.  The  hornblende  rock  is 
capped  by  a  thin  layer,  never  more  than  a  meter  thick,  of  a 
shining^  white  arenaceous  mica  schist,  with  scattered  scales 
of  biotite,  and  a  similar  layer  was  found  to  cap  a  similar  horn- 
blende rock,  in  so  great  a  number  of  instances  between  this 
point  and  South  Yemon  that  it  attracted  particular  attention. 
It  was  found  to  pass  in  every  case  up  into  the  common  dark 
gray  mica  schist,  and  to  differ  from  it  only  in  the  entire  absence 
of  coaly  matter  and  magnetite ;  and  it  seems  possible  that  the 
former  may  have  been  discharged  by  the  ferruginous  matter  of 
the  homblendic  band  adjacent.  It  is,  however,  wanting  below 
the  hornblende  bands  which  rest  directly  on  the  dark  gray  and 
finer  mica  schist.  This  makes  it  probable  that  none  of  the 
hornblende  bands  are  overturned. 

The  schists  of  the  area  just  described  are  cut  oflf,  going  east- 
ward, by  a  great  drumlin,  though  the  quartzite  can  be  followed 
by  the  north  end  of  it ;  beyond  one  finds  sections  which  expose 
the  whole  thickness  of  the  schists  and  hornblende  bands. 

They  are  best  studied  in  the  area  east  of  the  Purple  blind 
road — see  map — where,  commencing  in  the  chestnut  woods 
northeast  of  the  end  of  the  road,  at  the  basal  conglomerate,  we 
pass  south  over  a  broad  area  of  the  lowest  mica  schist,  broad 
because  of  the  low  dip,  and  come  upon  the  lowest  hornblende 
rock,  a  band — about  four  meters  thick — here,  as  always  quite 
ferruginous  and  pyritous.  Fifteen  meters  beyond  there  is  a 
second  bed  of  hornblende  rock  like  the  first,  and  both  are 
capped  by  the  white  mica  schist  layer  described  above.  Going 
on  twenty  meters  to  the  top  of  the  ridge,  at  a  large  chestnut 
tree  conspicuous  in  the  open  field,  there  is  a  third  rudely 
laminated  layer  of  hornblende  rock,  thicker  than  the  others 
and  distinctly  laminated.     This  is  capped  by  a  bed  one  meter 

♦  This  Journal,  III,  vi,  342,  1873. 
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thick,  of  a  very  rusty  limestone,  carrying  abundantly  light 
colored  garnet,  in  large  shapeless  masses,  and  light  green 
pyroxene.  A  long  slope  follows  with  scanty  outcrops  of  mica 
schist,  still  fine-grained  and  without  staurolite,  but  with  no 
trace  of  hornblende ;  and,  at  its  foot,  succeeds  a  heavy  bed  of 
hornblendic  rock  about  twenty  meters  thick,  which  by  the 
quite  abundant  development  of  feldspar  is  in  large  part  a 
complete  quartz-diorite.  Except  for  tne  appearance  oi  feld- 
spar, in  small  irregular  white  spots,  it  does  not  deviate  from 
tlie  usual  type  of  the  hornblendic  rock  of  the  area.  It  is  fol- 
lowed almost  immediately,  though  the  exact  contact  could  not 
be  found,  by  a  bed  about  fifteen  meters  thick,  of  a  fine-grained 
granitoid  quartzite,  which  is  indeed,  in  its  whole  extent,  a 
complete  granitoid  gneiss^  never  fissile,  and  faintly  laminated 
only  by  the  parallel  arrangement  of  the  biotite,  or  whollj 
lacking  this  even,  and  becoming  a  fine-grained  tough  graniUj 
largely  feldspathic^  and  with  nmny  streaked  cleavage  surfaces, 
and  liglit  gniy  from  the  small  amount  of  the  biotite.  It  can  be 
followed  here  for  a  long  distance,  breaking  off  against  a  fault 
in  the  northeast  direction,  and  going  southwest,  across  Dry 
brook.  Its  place  between  the  two  heavy  hornblende  bands 
seems  to  be  taken  by  a  very  fine-grained  massive  quartz  rock, 
with  abundant  fine  scales  of  muscovite,  and  with  large  round 
plates  of  biotite  set  at  every  angle.  It  appears  again  farther 
northeast  at  the  last  road  across  the  range,  and  can  be  followed 
thence  continuously,  over  the  high  hill  west  of  South  Vernon 
station  and  across  the  plain  in  Vernon,  trending  here  directly 
toward  the  point  where  the  road  to  Yernon  goes  beneath  the 
railroad.  It  is  unlike  the  (juartz-conglomerate  on  the  west,  and 
feldspathic  (juartzite  to  be  described  on  the  east;  and  conform- 
ing in  dip  and  strike  with  the  mica  schist,  and  making  all  the 
curves  with  it,  it  must  he  looked  upon  ajs  a  separate  band  in 
the  mica  schist,  and  cannot  well  be  derived  by  folding  or  fault- 
ing from  the  other  quartzite. 

On  the  section  line  it  is  separated  by  a  small  thickness  of 
mica  schist  from  another  heavy  hornblendic  bed,  which  latter 
is  itself  parted  by  a  thin  layer  of  schist,  and  separated  by  a 
heavy  bed  (30  meters)  of  a  dark  gray  mica  schist,  much  coarser 
than  the  beds  below,  and  carrying  abundantly  transvcrselv 
placed  biotite,  small  garnets,  and  large  staurolite  crystals,  the 
latter  in  single  crystals,  and  in  twins  according  to  both  the 
common  laws.  This  greater  coarseness  of  the  texture,  and  the 
great  abundan(?e  of  staurolite  in  the  upper  beds  of  the  mica 
schist,  are  the  rule  through  the  whole  length  of  the  range,  and 
militates  against  any  attempt  to  make  out  repetitions  in  the 
series  now  gone  over.  This  band  is  capped  by  another  heavv 
bed  of  hornblende  rock  20-25  meters  tiiick,  which  rises  in  a 
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>minent  ridge  overlooking  an  isolated  house  (W.  Soudin's), 
i  is  followed  by  one  more  repetition  of  mica  schist,  before 
ming  to  a  fault,  upon  a  broad  area  of  feldspathic  quartzite 
bo  be  described  later — which  continues  to  the  railroad  at  the 
rthwest  corner  of  Gill;  and  if  the  section  is  continued 
roes  Grass  Hill  to  the  Connecticut  river,  it  cuts  first  a  broad 
ntinaation  of  this  upper  quartzite,  followed  by  a  complete 
petition  of  the  mica-schist  series,  with  live  homblendic  bands, 
e  feldspathic,  and  the  eastern  sloping  down  the  hillside 
>in  the  Moody  school  buildings  to  the  river,  and  thus  cover- 
gr  a  large  area. 

Sections  carried  across  the  area  anywhere  from  the  quartzite 
ise  southeastward,  give  substantially  the  same  succession  as 
at  detailed  above,  only  for  a  distance  east  of  the  line  there 
Loeen,  there  is  a  fault  and  a  repetition  of  the  beds ;  so  that 
orting  from  the  same  point  as  the  one  chosen  for  the  begin- 
ng  of  that  line,  and  going  directly  east,  to  the  saw- mill,  on 
le  South  Vernon  road,  nine  distinct  homblendic  bands  are 
ifised,  and  in  almost  every  case  each  band  is  found  capped  by 
le  whitish  schist  described  above.  Also  along  the  State  line, 
id  for  a  distance  north  and  south ;  either  by  the  thinning  of 
le  beds  of  raica  schist  or  by  the  slipping  of  the  homblendic 
EUids  over  thera,  the  latter  are  unusually  approximated,  the 
iree  bands  below  the  middle  quartzite  coming  into  close  prox- 
aity  to  each  other,  and  with  the  basal  quartzite ;  it  is  sepa- 
ited  by  a  broad  mica  schist  valley  from  a  prominent  hom- 
lende  rock  ridge,  just  in  the  east  edge  of  the  woods  looking 
3wn  on  South  Vernon,  which  is  subdivided  by  only  very  thin 
yers  of  schist.  Still  farther  east,  in  the  large  pasture  above 
le  South  Vernon  Hotel,  the  beds  are  greatly  faulted  as  indi- 
ited  upon  the  map.  It  illustrates  the  abundant  faulting  of 
le  region  that  at  the  two  short  railroad  cuts  in  these  beds 
lere  are  in  each  case  two  marked  faults,  bringing  quite  distant 
sds  into  contact. 

Just  south  of  the  South  Vernon  station  nearly  horizontal 
dea  schist  is  faulted,  on  the  north,  against  a  dike  like  mass  of 
omblende  rock,  about  10  meters  wide ;  and  on  the  south,  an 
jnally  distinct  east-west  fault-line  separates  the  latter  rock 
■cm  the  feldspathic  quartzite,  also  nearly  horizontal. 

At  the  next  cutting,  three  miles  farther  north,  near  where 
16  road  crosses  the  railroad,  one  band  of  the  hornblende  rock  is 
ushed  over  another  and  the  quartzite  over  both,  so  that  they 
ave  a  common  dip  of  26°  S.  65°  E. ;  but  the  fault  planes  are 
istinctly  visible,  and  both  the  hornblende  rock  bands  are  capped 
y  the  whitish  schist  layer  which  marks  their  transition  into 
le  common  mica  schist. 
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The  tjpe  of  the  hornblende  rock,  as  seen  in  the  area  described 
above,  and  in  many  bands  stretching  across  the  country  to 
South  Vernon,  a  type  from  which  there  is  little  variation,  is  t 
dark  fi^ray  to  black,  fine  grained,  wholly  massive  rock,  resetn- 
hling  so  exactly,  especially  in  its  jointing,  an  intru&ive  dioriU^ 
that  it  was  connected  with  the  Mesozoic  diabase  in  the  tint 
work  of  President  Hitchcock,  and  the  occurrence  of  it  faulted 
between  mica  schist  and  quartzite  at  the  South  Vernon  station, 
was  called  trap,  by  so  experienced  an  observer  as  Professor  C 
H.  Hitchcock  in  his  latest  \York  on  the  area.*  The  hornblende 
is  generally  arranged  in  fibrous  radiated  tufts,  just  visible  with 
the  lens,  which  aids  in  giving  the  rock  its  great  toughness.  It 
is  not  prone  to  weathering,  and  stands  up  generally  in  long 
ridges,  the  schists  having  been  considerably  lowered  on  either 
side  of  it,  but  at  the  railroad  cutting  in  South  Vernon,  its  fifr 
sures  were  coated  with  an  abundant  deposit  of  calcite  and 
pyrite. 

Because  of  its  position  in  the  hollows  between  the  horn- 
blende ridges,  the  mica-schist,  which  really  occupies  much  more 
of  the  surtace  than  the  former,  seems,  on  casual  inspection,  to 
be  of  subordinate  extent  and  importance. 

The  thickness  of  the  beds,  calculated  on  the  average  dip  of 
22°  is,  quartzite  107  meters,  mica  schist  113  meters,  hornblende 
rock  158  meters ;  which  is  certainly  far  too  large  judging  from 
the  long  line  of  outcrops  farther  northeast,  and  it  is  probable 
that  each  is  partially  repeated  several  times  by  cross  faults. 

I  have  elsewhere  suggested  that  hornblende  bands  of  this 
type  are  generally  derived  from  limestone  beds,  and  in  fact  the 
hornblende  bands  are  still  locally  quite  rich  in  carbonates,  as  at 
the  locality  first  described  above  just  east  of  Fall  River,  the 
br(>ad  hornblende  band  contains  layers  of  limestone  20-3*)°*° 
thick  ;  and  farther  northeast,  at  a  large  chestnut  tree  east  of  the 
end  of  the  Purple  blind  road,  there  occurs  in  the  same  associa- 
tion a  bed  nearly  a  meter  thick  of  impure  limestone  carrying 
garnet  and  pyroxene. 

The  development  of  hornblende  at  the  upper  surface  of  the 
criiioidal  bed  has  been  detailed  above,  and  the  large  develop- 
ment of  hornblende  in  the  quartzite  in  South  Vernon  points  m 
the  same  direction.  The  hornblende  derived  from  calcite  has 
always  a  very  low  absorption. 

The  fetdsjxithie  Quartzite. — Keserving  the  question  of  the 
identity  of  this  rock  with  the  basal  conglomerate,  I  may  tiivt 
call  attention  to  its  curious  distribution  on  the  map.     It  occa- 

Sies  a  broad  area  along  the  eastern  border  of  the  schist  series, 
ips  everywhere  away  from  it  to  the  eastward  with  apparent 

*  Geol.  N.  II..  ii,  438. 
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eonformity,  makes  the  same  {olds  with  it  all  the  way  from 
the  State-line,  soath  to  the  point  where  the  main  Sonth  Y er- 
Bon-Bemardston  road  crosses  the  railroad,  even  swinging  roimd 
to  a  N.-S.  strike  where  the  schists  do.  Beyond  this  point  it 
occupies  a  broad  area  stretching  from  the  railroad  across  to  the 
Purple  blind  road,  and  is  plainly  separated  from  the  schists 
on  the  north  by  a  curvilinear  fault.  Thence  it  continues  in  a 
broad  band  southeastwardly,  a  long  distance,  and  can  be  followed 
in  scattered  outcrops  across  the  sand  plains  into  the  town  of  Gill. 
Beyond  Dry  Brook  it  seems  to  regain  its  conformity  with  the 
aehists.  Across  the  narrow  neck  by  which  the  West  North- 
field  sands  join  those  of  Bernardston,  the  same  quartzite 
reappears  in  the  northwest  shoulder  of  Grass  Hill,  and  is 
tppairently  continuous  under  the  sands  with  the  larger  area 
wc»t  of  the  railroad.  It  dips  under  the  hornblende  rock 
to  the  east 

It  is  everywhere  a  fine  grained  light  gray  fissile  quartzite, 
with  small  fresh  feldspar  crystals  porphyntically  disseminated 
in  it,  often  quite  abundantly.  These  reach  1-2""™  in  cross- 
gection,  are  often  but  not  always  striated.  They  are  much 
larger  than  the  quartz  grains  and  have  often  sharp  crystalline 
outlines. 

In  the  area  south  of  the  great  fault  at  the  Purple  blind  road, 
and  far  west  from  here,  it  is  marked  by  the  abundance  of  the 
grains  of  lavender  quartz  included  in  it,  which  appear  to  have 
come  from  the  Archeean  gneiss  of  the  Green  Mountains.  Mus- 
covite, so  abundant  in  the  lower  quartzite,  is  wholly  wanting ; 
rarely  a  small  amount  of  biotite  in  fine  scales,  or,  at  one  out- 
crop, of  hornblende  in  scattered  needles  appear. 

The  dips  of  the  rocks  and  of  the  slates  below  are  so  low, 
and,  with  the  strike,  vary  so  rapidly  and  irregularly  within  nar- 
row limits,  that  I  am  left  in  slight  doubt  as  to  the  exact  con- 
formity of  the  two  for  any  long  distance.  Going  north  or 
south  from  the  northern  road  over  the  range,  along  the  line  of 
junction  for  two  miles,  no  contact  of  the  two  could  be  found, 
but  in  the  whole  distance  they  seem  exactly  conformable,  and 
to  have  shared  all  minor  disturbances  together ;  for  instance, 
although  the  rocks  are  tilted  so  that  they  strike  N.  65°  E.  and 
dip  40°  S.E.,  they  have  also  been  subjected  to  an  E.-W. 
thrust,  as  is  seen  on  a  large  scale  farther  south,  so  that  small 
portions  placed  irregularly  among  the  rest  have  a  N.-S.  strike, 
which  is  shared  by  both  the  schists  and  the  quartzite. 

The  basal  conglomerate  often  blackened  by  argil  li tic  mate- 
rial is  a  rock  of  very  diflEerent  habit  from  this  tine  grained 
biotitic  feldspathic  quartzite  ;  but  the  description  above  given 
of  the  passage  of  the  beds  across  Vernon  indicates  that  the 
former  passes  into  the  other  going  eastward  beneath  the  schists 
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and  IB  then  bronght  up  by  a  fault  along  the  eastern  base  of  the 
schist  Rcries,  and  in  places  thrust  over  the  latter  io  apparent 
conformity.  The  fault  line  must  be  an  exceedingly  tortaooB 
one,  and  on  the  east  the  Grass  Hill  series  must  be  a  repetitdon 
of  the  West  Nopthfield  series. 

The  Beniarilston  Series  east  of  the  Connecticut. — The 
adjoining  area  east  of  the  river  in  Is'orthfield,  is  unfortunately 
BO  covered  by  the  terrace  sands,  that  only  few  outcrops  appear. 
I  think  tJiat  the  rocks  of  the  Beruardston  series  find  tbeireast 
em  limit  throueh  the  whole  length  of  Northfield,  Ewing  and 
Montague,  at  tne  foot  of  the  high  ground  which  bounds  the 
Counccticut  Valley  on  the  east;  thnt  it  ends  without  any 
marked  shore  deposit;  but  with  great  crushing  of  the  fine 
quartzite,  probnbly  on  a  fault  of  great  magnitude  and  extent, 
and  finally  that  the  quartzite  schists  and  amphibolite,  which 
succeed  to  the  east  in  the  Korthtield  Hills,  though  prescDtin^ 
some  points  of  similarity  with  the  Bernardstou  rocks,  are  to  [« 
associated  rather  with  the  series  which  lies  west  of  the  ar^rillite 
and  which  are  presumably  older. 

T/ie  QuarUite  in  Nort/ijield. — North  of  this  village,  a  por- 
phyritic  »|nartzite  identical  with  the  eastern  band  in  the  Wed 
Korthfield  range,  crops  out  alun^  the  eastern  edge  of  the  high 
terrace,  but  is  immediately  followed  on  the  east  by  an  older 
series  mentioned  alwve.  It  is  much  brecciated  and  abnndauth 
cemented  by  hematite.  It  appears  also  in  the  brook  bottoms; 
and  juiit  over  the  line  in  Winchester,  a  shaft  has  been  sunk  a 
Iiundi-cd  feet  in  it  for  lead,  which  appears  very  sparingly  in 
narrow  interrupted  tissures  of  a  few  millimeters  width,  asso- 
ciated with  barite  and  Huorite  in  equallv  small  quantities,  and 
at  the  bottinn  with  beautiful  druses  ot  pale  yellow,  saddle- 
slia|ied,  dolomite  crystals.  Hclow  the  surface  the  quartzite  k 
snow  white,  but  otherwise  unchanged.  The  rock  is  a  bard 
white  ^ccharoidul  sandstone,  regularly  porphyritic  with  small 
clear  feldspai's  in  stout  rectangular  cross  sections  for  the  niu£t 
pint  i*triate<l,  and  plainly  of  secondai-y  growth  since  they  en- 
chise  sand  grains.  It  is  here  everywhere  massive.  Outcrops 
are  Hcen  in  all  bi-ook  beds  in  the  north  part  of  the  town,  and 
it  approaches  nearest  to  the  older  scries,  m  a  lane  running  eaet 
from  the  ifoody  homestead  and  along  the  Winchester  road. 
It  is  here  greatly  brecciated  and  full  of  quartz  and  hematite 
veins.  On  the  east  of  tbo  boundary  line  several  bands  of  the 
older  series  abut  obliquely  against  this  line,  so  that  the  qnarti- 
ute  on  the  wt.'6t  re^ts  in   manifest  discordance,  either  doe  to 

Boonformability  or  faulting  against  the  older  series. 

^tU«  Mica  Sc/iisf  nmiof  the  Connecticut  River  in  Norii- 

'  -East  of  the  river  onlv  a  single  limited  outcrop  of  met 

---mra,  a  half  mile  befow  the  village,  jost  opposite  Gna 
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Hill,  and  200  rods  from  the  nearest  outcrop  of  hornblende 
lock,  on  the  west  side  of  the  river.  It  agrees  in  texture  with 
the  lowest  beds  of  schist  on  the  west  of  the  Connecticut,  is 
fine  grained,  and  carries  few  accessions.  It  abounds  in  flat- 
tened cavities,  which  seem  to  be  the  obscure  traces  of  fossil 
shells,  but  they  are  wholly  indeterminable,  if  indeed  they  be 
of  organic  origin  at  all.  Upon  the  joint  faces  are  abundant 
weathered  crystals  of  a  flesh  colored  zeolite,  apparently  chaba- 
zite.  The  exact  locality  is  by  the  brook  crossing,  at  a  mill 
pond  near  A.  Billings'. 

Conchtsion. 

The  section  below  seems  to  me  to  represent  the  succession  of 
the  beds  represented,  the  newest  above. 

1.  Mica  schist,  9.  Hornblende  schist  and 

2.  Hornblende  schist.  Magnetite, 

3.  Mica  schist,  10.  Limestone, 

4.  Hornblende  schist,  11.  Hornblende  schist, 

5.  Mica  schist,  12.  Quartzite  conglomerate, 

6.  Hornblende  schist,  13.  Argillite, 

7.  Mica  schist,  14.  Calciferous  mica  schist. 

8.  Quartzite, 

Originally  heavy  beds  of  shale  (a)  graduated  upward  into  a 
great  series  of  feldspathic  sandstones  (b)  and  conglomerates, 
which  contained  a  band  of  crinoidal  limestone  with  a  local  de- 
velopment of  iron  ore  near  its  surface.  Above  this  was  an  ex- 
tensive series  of  shales  (c)  with  several  intercalated  beds  of 
impure  limestone.  The  first  series  has  changed  into  a  crumpled 
ana  cleaved  phyllite  to  which  the  name  argillite  has  been 
for  a  long  time  appropriated.  The  second  series  has  passed 
through  all  the  changes  to  a  gneiss  so  complete  that  Professor 
Hitchcock  insists  on  associating  it  with  the  Bethlehem  gneiss — 
quartzite  with  flattened  pebbles,  muscovite  quartzite,  biotite 
quartzite,  feldspathic  quartzite  often  porphyritic,  and  complete 
biotite  gneiss  often  becoming  chloritic  from  superficial  change. 

The  nmestone  has  become  most  coarsely  crystalline  and  tne 
lime  and  iron  have  been  carried  far  out  into  the  quartzites 
above  and  below  to  form  hornblende  schists  and  complex  horn- 
blende-chlorite  pyrite  rocks. 

The  iron  ore  forms  a  bed  of  magnetite  or  a  magnetite  rock. 

The  upper  series  is  changed  to  complete  mica-schists  span- 
gled with  transverse  biotite  crystals,  often  loaded  with  garnets 
and  staurolites ;  while  the  limestone  beds  are  changed  from  the 
surface  toward  the  center  into  hornblende  schist  beds  abstract- 
ing the  iron  from  an  adjacent  band  of  the  shales. 
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The  dips  are  all  to  the  eaat  and  the  beds  are  Beveral  timei 
repeated  by  monoolinal  faulting  and  with  eaoh  reappearance  of 
the  quartzite  it  is  finer  grained  and  more  feldspatbic. 

The  whole  series  haM  a  slight  pitch  to  the  sonth,  so  that  in 
Yemon  the  whole  upper  series  tapers  northward  and  diBip- 
pears ;  and  then  in  going  eastward  from  the  ai^llite  we  pM 
irom  the  more  ^uartzose  conglomerates  through  musoovita 
and  biotite  quartzites  to  complete  gneisses^  as  in  the  suooenve 
reappearances  farther  south. 

The  most  abundant  and  characteristic  fossils  are  Ohemmig 
with  several  Hamilton  forms,  so  that  the  limestone^  magnetit^ 
and  the  base  of  the  quartzite  above  the  limestone  inaj  be 

5 laced  with  certainty  near  the  base  of  the  Chemunff.  Thit 
le  whole  series  must  go  together  is,  I  tMuk,  dearlroin tk 
.map  and  the  preceding  discussion.  The  suggestion  of  Pm- 
fessor  Hitchcock,  that  the  limestone  was  bounded  on  both  sidei 
by  faults*  prove  true  for  the  west  side,  but  is  not  true  for  the 
east  side,  and  the  important  deduction  made  bj  him  that  the 
limestone  was  greatly  newer  than  all  the  surrounding  rocks  is 
also  disproved. 

The  argillite,  though  the  oldest  rock,  is  least  decomposed, 
crumpled  and  cleaved  with  dull  surfaces  and  full  of  ooal  ^raiu 
and  Kaolin,  in  its  most  eastern  exposures  showing  minute 
pustules  on  its  slaty  surfaces,  and  at  last  developing  garnet  and 
oiotite  in  some  abundance.  In  the  western  exposures  of  the 
mica-schist  series,  kaolin  could  scarcely  be  detected,  and  biotite^ 
garnet  and  staurolite  were  quite  abundant,  but  almost  micro- 
scopic, while  farther  east  the  surfaces  show  clearly  the  mnsco- 
vite  sheen,  and  the  above  accessions  are  abundant  and  lam. 
In  the  calciferous  mica  schist  which  lies  below  the  aigillite  toe 
separate  muscovite  scales  are  clearly  visible  to  the  eye,  and  the 
same  accessories  occur  still  larger  and  with  a  very  dmerent  and 
much  more  complex  structurcf 

*  15,  p.  315. 

f  The  note  in  the  former  part  of  this  paper  at  the  foot  of  page  264  shoald  be 
transferred  to  page  266.    It  applies  to  figure  2. 
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\    XLVII. — Analysis  of  Bhodochrosite  from  Fra/nMi7i 
Furnace^  New  Jersey ;  by  P.  E.  Browning. 

HE  specimen  of  rliodochrosite,  an  analysis  of  which  is  here 
m,  was  collected  for  the  Yale  Museum  some  two  or  three 
•8  since  and  was  furnished  to  writer  for  examination  by  Pro- 
or  E.  S.  Dana.  It  has  a  massive,  cleavable  structure  and  a 
;ht  pink  color.  Franklinite  and  willemite  are  immediately 
•ciated  with  it.  The  method  of  analysis  was,  as  follows : 
L  portion  of  the  mineral  was  dissolved  in  hydrochloric  acid, 
porated  to  dryness  to  separate  any  silica  present.  The 
ate  from  silica  was  treated  either  with  sodic  acetate  or 
Donium  hydrate  and  the  iron  separated  and  weighed.  After 
separation  of  the  iron,  the  zinc  was  precipitated  as  sulphide 
hydroffen  sulphide  in  acetic  acid  solution.  The  filtrate 
n  sulpnide  of  zinc  was  treated .  with  bromine  water,  by 
ch  method  the  manganese  comes  down  as  black  oxide.  In 
determinations  ammonia  was  used  with  the  bromine  water 
»ring  about  the  same  result.  In  all  these  cases  the  black 
ie  was  dissolved  and  reprecipitated  to  avoid  any  holding 
k  of  lime.  The  black  oxide  in  every  case  was  dissolved  by 
)hurous  and  hydrochloric  acids,  precipitated  as  phosphate 
weighed  after  ignition  as  pyrophosphate  according  to 
^bs's  method.  The  amount  of  manganese  being  large,  two 
K5t  determinations  were  also  made  by  Ford's  method,  which 
sists  in  boiling  the  mineral,  after  separating  the  silica,  with 
>ng  nitric  acid  and  potassium  chlorate  until  green  fumes 
56  to  be  given  off.  The  black  oxide  is  thus  directly  pre- 
tated  and  may  be  treated  as  above  by  Gibbs's  method, 
ise  results  were  satisfactory  in  their  agreement.  The  filtrate 
n  black  oxide  of  manganese  was  evaporated  to  about  300 
400cm',  made  ammoniacal,  and  calcium  precipitated  as 
late,  dissolved  and  reprecipitated  in  same  manner.  The 
•ate  from  both  oxalate  precipitations  was  evaporated  (and 
two  cases  the  residue  was  ignited  to  free  it  from  great 
ess  of  salts  of  ammonia)  and  precipitated  as  phosphate,  dis- 
'-ed  in  hydrochloric  acia,  and  reprecipitated  in  same  manner 
h  ammonia  and  a  little  hydrodisodic  phosphate,  ignited  and 
ghed  as  pyrophosphata  Each  element  was  determined  at 
it  three  times.  Five  determinations  of  manganese  were 
ie.  Two  analyses  of  the  mineral  were  carried  through  in 
tinum  dishes  to  avoid  any  contamination  by  silica  in  glass 
porcelain.  The  amount  of  iron  in  ferrous  condition  was 
ermined  by   dissolving  a  portion  of  mineral  in  sulphuric 
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acid  and  titrating  with  a  standard  solntion  of  potaBsinm  per- 
manganate. Three  determinations  of  carbon  dioxide  were 
made  taking  0*5  gram  portions,  and  a  fonrth  in  which  2  grams 
were  used  agreed  closely  with  the  others.  In  these  determin- 
ations the  carbon  dioxide  was  set  free  in  suitable  apparatus 
by  the  action  of  hydrochloric  acid  and  heating,  and  weighed 
after  absorption  in  potassium  hydrata  The  analysis  is  as  fol* 
lows: 

Specific  gravity  =:  3*47. 

MnO 45*02  per  cent. 

CaO 11-28 

ZnO    2-82 

M^O 1-76 

FeO 0-22 

FeO, 016 

SiO, 0-32 

CO, 38-94 


100-02  per  cent. 

The  presence  of  silica  suggested  the  possible  presence  of 
zinc  silicate  (Zn^SiOf^  as  impurity;  accordingly  there  was 
deducted  from  the  ZnO  found  enough  to  balance  the  silica,  and 
the  remaining  constituents  were  calculated  to  one  hundred  per 
eent     The  result  is  given  in  I  below. 

I.  n. 

MnO 45-56  per  cent.   MnCO,   73-78  per  cent. 

CaO 11-41  CaCO, 20-37 

ZnO 1-48  ZnCO, 2-28 

MgO 1-78  MgCO, 8-74 

FeO 0-22  FeCO, 0-35 

Fo,6. 0-16  Fe,0, 0-16 

CO, 39-40  


1 00-00 


100-68 


The  hypothetical  composition  of  the  mineral,  calculating  the 
bases  as  carbonates,  is  given  under  II  above.  It  will  be  seen 
that  the  amount  of  acid  (CO,)  required  to  supply  the  bases 
exceeds  the  amouut  found  by  0  68  per  cent  The  ratio  of 
Mn  :  Ca  :  Mg  =  6-4 : 2 :  -44. 

In  concluding  this  paper,  the  writer  would  express  his  ap- 
preciation of  the  valuable  advice  obtained  from  Professor 
Gooch  during  the  progress  of  the  analysis. 

Kent  Laboratory,  Yale  University,  July,  1890. 
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A.HT.  XLVIII. — A  Se'determination  of  the  Atomic    Weight 
of  Cadmium  ;  by  Edw.  A.  Partridge,  M.A.,  B.S. 

The  atomic  weight  of  cadmium  has  been  determined  by 
Stromeyer,  Von  Hauer,*  Len8sen,f  DumasJ  and  Huntingdon. § 
Witli  (3  =  16  for  the  basis  of  calculation  the  values  obtained 
by  these  experimenters  are  the  following :  by  Stromeyer  111'48, 
by  Von  Hauer  111-96,  b^  Lenssen  112-08,  by  Dumas  112-25,  by 
Huntington  112*24.  From  these  results  Clarke  calculates 
112*092  to  be  the  most  probable- figure,  and  concludes  his  article 
on  the  subject  with  this  remark :  "  It  will  be  seen  that 
Dumas's  and  Huntingdon's  determinations  both  made  with 
haloid  salts  of  cadmium  agree  with  wonderful  closeness  and  so 
confirm  each  other.  On  the  other  hand,  Von  Hauer's  data 
give  a  value  which  is  much  lower.  Apparently  Von  Hauer's 
method  was  good,  and  the  reason  for  the  discrepancy  remains 
to  be  discovered.  Until  that  is  ascertained,  I  prefer  to  use  the 
above  mean  value  rather  than  to  adopt  one  investigation  and 
reject  the  others." 

This  investigation  was  undertaken  with  the  hope  of  arriving 
at  a  value  for  the  atomic  weight  of  cadmium  more  reliable 
than  that  given  by  former  experimenters. 

The  following  points  were  regarded  as  of  first  importance  : 

1st.  The  most  scrupulous  care  in  the  purification  of  the  mate- 
rials used  in  every  stage  of  the  work. 

2d.  Avoidance  of  any  method  in  which  the  reactions  in- 
volved were  uncertain  or  doubtful. 

3d.  The  utmost  care  and  refinement  in  weighing. 

4th.  Use  of  a  large  number  of  determinations  as  the  basis 
of  calculation. 

At  the  outset  much  time  was  devoted  to  making  a  pure 
cadmium  salt  by  recrystallization  of  the  sulphate,  and  much 
work  was  devoted  to  accumulating  a  stock  of  this  as  the  start- 
ing point.  This,  however,  was  discarded  in  favor  of  the  metal 
obtained  by  distillation. 

The  literature  upon  this  subject  is  interesting,  though  some- 
what meager.  Mercury  has  been  purified  by  distillation  for 
years.  Demar§ay||  in  1882  observed  that  zinc  and  cadmium 
are  volatile  in  vacuo  at  comparatively  low  temperature,  and 
suggests  this  as  a  means  of  purification.     In  1884,  SchullerT 

♦Jour,  tar  Prakt.  Chemie,  xxii,  350. 

t  Ibid.,  Ixxix,  281. 

i  Ann.  Chem.  Phann.,  Ixiii,  27. 

§  Proc.  Amer.  Acad.,  1881. 

I  Ck)mptes  Rendua,  xcv,  188. 

1[  Ann.  d.  Phys.,  xvlii,  320,  and  Jahresbericbt  1884,  1650. 
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stated  that  zinc  and  cadminm  can  be  distilled  in  vacnOy  leaving 
the  impurities  as  a  residue.  This  method  has  been  employed 
by  Morse  and  Burton*  for  the  purification  of  zina  One  of  the 
means  employed  by  Stas  in  nis  classical  investigation  upon 
atomic  weights  was  the  purification  of  silver  by  distillation. 
Whenever  available,  distillation  ranks  first  among  the  processes 
for  purification  at  the  disposal  of  the  chemist.  This  was 
affected  in  the  case  of  cadmium  in  tube  retorts  of  glass,  abont 
80*™  in  length  and  20-25°*"  in  diameter. 

The  tubes  were  closed  at  one  end  and  drawn  down  at  a  point 
about  11^  from  the  closed  end,  making  a  neck  about  12"^  in 
diameter.  100  grams  of  cadmium  having  been  introduced, 
the  open  end  was  drawn  down  to  a  size  suitable  for  a  conuee- 
tion  with  the  mercury  pump.  The  portion  of  the  tube  be- 
tween the  neck  and  the  end  connected  with  the  pump  serves 
to  condense  and  retain  the  distilled  metal. 

After  having  been  supported  on  a  combustion  furnace,  the 
retort  was  exhausted  as  completely  as  a  rapidly  acting  three> 
fall  mercury  pump  would  effect  in  one  hour.  Tlie  gauge,  then 
standing  only  a  fraction  of  a  mm.  lower  than  the  barometer.  As 
the  pump  was  self-acting  this  degree  of  exhaustion  was  readily 
maintained  during  the  entire  operation.  Heat  was  then  slowly 
applied  and  so  managed  that  the  greater  part  of  the  metal  con- 
densed and  ran  down  the  sides  of  the  retort,  only  the  more 
volatile  portion  passing  beyond  the  neck  of  the  tube.  A  frac- 
tional distillation  was  thus  effected,  cadmium  alone  passing 
over.  In  an  hour  60  grams  of  cadmium  had  collected  in 
the  receiver,  the  distillation  was  then  stopped  and  when  entirely 
cold  the  metal  was  removed  by  cutting  open  the  tube.  The 
greater  part  of  it  collected  as  a  bar  at  the  bottom  of  the 
receiver,  while  the  sides  and  top  were  lined  with  crystals, 
many  of  which  were  quite  perfect.  The  residue  in  the  retort 
was  covered  with  a  brownish  black  scum,  which  was  tested 
spectroscopically  and  found  to  consist  mainly  of  lead,  iron  and 
thallium,  with  a  little  copper.  The  lines  of  zinc  were  once 
very  faintly  seen. 

The  cadmium  thus  purified  was  distilled  a  second  time  in  the 
same  manner.  The  residue  from  this  distillation,  which  wsb 
pushed  no  further  than  the  first,  remained  perfectly  bright  to 
the  end  and  when  tested  with  the  spectroscope  did  not  reveal 
a  trace  of  foreign  metals.  All  the  cadmium  used  in  this  inves- 
tigation was  thus  purified  by  double  distillation. 

One  of  the  methods  used  for  the  determination  of  the  atomic 
weight  of  cadmium  is  that  of  Lenssen  which,  although  good, 
was  merely  touched  upon  by  him.  His  result  was  based  upon 
only  three  experiments,  using  very  small  quantities  of  matenaL 

*Ainer.  Cbem.  Jour.,  z,  311. 
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The  method  consists  in  changing  cadmium  oxalate  to  cadmium 
oxide,  and  observing  the  loss  of  weight  from  which  loss  the 
atomic  weight  is  calculated. 

For  working  this  method  cadmium  oxalate  was  made  as 
follows : 

The  perfectly  pure  metallic  cadmium  obtained  by  double 
distillation  was  dissolved  in  pure  nitric  acid,  prepared  bv  care- 
ful distillation,  and  the  solution  concentrated  so  far  that  on 
cooling  the  cadmium  nitrate  Cd(N0,),+4H,0,  separated  in 
long  nbrous  crystals.  The  latter  were  drained  at  the  filter 
pump,  dissolved  in  water,  and  a  solution  of  the  theoretical 
amount  of  pure  oxalic  acid  added.  Cadmium  oxalate  thus 
prepared  is  a  heavy  crystalline  precipitate  which  can  be  easily 
washed.  This  was  done  several  times  by  decantation.  The 
precipitate  was  then  placed  on  a  filter  and  washed  at  the  pump 
thirty  times  with  distilled  water,  after  which  it  was  dried  for 
10  hours  at  150°  C.  The  salt  thus  obtained  was  tested  for 
nitric  acid  by  the  phenol  test  and  showed  not  the  slightest 
trace.  The  pure  cadmium  oxalate  thus  obtained  was  subjected 
to  the  following  treatment : 

About  one  gram  of  cadmium  oxalate  was  placed  in  a 
porcelain  crucible  and  was  then  dried  in  an  air  bath  at  150°  C. 
lor  five  hours.  This  length  of  time  was  usually  sufficient  to 
dry  the  salt  completely.  When  this  had  been  accomplished, 
i.  e.,  when  a  constant  weight  had  been  attained,  the  crucible 
containing  the  oxalate  was  covered  with  a  watch  glass  and  very 
cautiously  heated.  This  operation  required  the  greatest  care, 
since  if  the  temperature  became  too  high,  reduction  and  con- 
sequent volatilization  of  metal  occurred.  Four  of  the  earlier 
experiments  were  lost  in  this  way.  That  volatilization  of  metal 
had  taken  place  was  made  evident  by  a  slight  sublimate  on  the 
watch  glass.  When  the  oxalate  was  completely  decomposed 
(this  was  shown  by  the  uniform  brown  color  of  the  resulting 
cadmium  oxide)  it  was  allowed  to  cool  and  moistened  with  a 
few  drops  of  nitric  acid  in  order  to  re-oxidize  any  reduced 
metal.  The  nitric  acid  employed  for  this  purpose  was  espe- 
cially purified  by  very  careful  distillation.  Ten  c.  c.  of  it  evap- 
orated in  a  platinum  dish  left  a  visible  but  imponderable 
residue. 

The  crucible  was  then  very  carefully  ignited  until  all  the 
cadmium  nitrate  was  decomposed,  then  placed  inside  a  nickel 
crucible  4*^™  high  by  4*^""  wide  and  strongly  ignited  for  half  an 
hour  by  means  of  a  Fletcher's  improved  Bunsen  burner.  In 
all  cases  the  ignition  was  repeated  until  a  constant  weight  was 
obtained.  There  was  rarely,  however,  any  loss  of  weight  after 
the  first  ignition.  To  prevent  the  possibility  of  any  reducing 
gases  reaching  the  cadmium  oxide,  the  nickel  crucible  inside 
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which  the  porcelain  crucible  was  placed,  was  forced  into  a  cu^ 
cular  hole  cut  in  a  piece  of  asbestoB  board  13*^  square.  The 
top  of  the  nickel  crucible  was  flush  with  the  upper  surface  of 
the  board,  the  joint  being  air  tight. 

Ten  experiments  made  by  the  above  method  gave  the  fol- 
lowing results : 

Series  I. 

Weight  of  Weight  of 

cadmium  cixalate      cadmium  oxide  Atomic 

tal^en.  found.  weight. 

1 1-09898  -70299  111-819 

2 1-21548  -77746  111793 

3 1-10711  -70807  111-755 

4 117948  -75440  111-780 

5 1-16066  -74237  111-783 

6 1-17995  -75471  111-784 

7 1-34227  -85864  111-829 

8 1-43154  -91573  111-823 

9 1-53510  -98197  111-821 

10 1-41311  -90397  111-834 


Total 12-66368  810027  (111-8027) 

Mean  value 111-8027 

Maximum, 111-834 

Minimum   111-759 

Difference  _. -075 

Probable  error -010 

Another  method  used  for  the  determination  of  the  atomic 
weight  of  cadmium  is  that  of  Von  Ilauer.  It  consists  in 
reducing  cadmium  sulphate  to  cadmium  sulphide  in  a  stream 
of  hydrogen  sulphide  and  observing  the  loss  of  weight.  As 
the  result  obtained  by  Von  Hauer  is  considerably  lower  than 
those  obtained  by  other  experimenters,  doubt  has  been  cast  upon 
its  accuracy.  The  following  possibilities  have  been  suggested  as 
tending  to  make  Von  Hauer's  results  low :  1st.  That  the  cad- 
mium sulphate  as  weighed  by  him  contained  h^'groscopic  mois- 
ture. 2d.  That  the  presence  of  metallic  iron  in  the  ferrous  sul- 
phide used  in  making  the  hydrogen  sulpliide  would  lead  to  the 
generation  of  hydrogen  and  consequent  reduction  and  volatil- 
ization of  cadmium.  3d.  That  some  cadmium  sulphide  might 
have  been  volatilized  in  the  stream  of  hot  hydrogen  sulphide. 

It  was,  therefore,  determined  to  carry  out  a  series  of  experi- 
ments by  this  method  in  order  to  determine  if  any  of  tnese 
objections  were  well  grounded. 

In  the  experiments  about  to  be  described,  the  first  danger 
was  overcome  by  weighing   the  sulphate  in  stoppered  glass 
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tubes.  The  second  was  shown  to  be  groundless,  as  in  some 
experiments  the  hydrogen  sulphide  used  was  prepared  from 
antimony  trisulphide  and  in  others  from  ferrous  sulphide  with 
perfect  agreement  of  results.  The  third  objection  was  dis- 
proved experimentally,  as  the  highest  heat  that  hard  Bohemian 
glass  will  withstand  did  not  cause  any  volatilization  of  cadmium 
sulphide.     That  there  was  no   volatilization   of  sulphide  was 

E roved  by  the  weight  of  a  sample  of  the  same  which  was 
eated  in  a  stream  of  hydrogen  sulphide  to  the  extent  just 
mentioned,  remaining  absolutely  constant,  and  also  by  the  fact 
that  there  was  not  the  slightest  sublimate  on  the  tube. 

The  hydrogen  sulphide  employed  in  this  and  in  the  follow- 
ing series  of  experiments  was  washed  by  passing  it  through 
water  and  dried  by  passing  through  a  long  calcium  chloride 
tube.  The  carbon  dioxide  was  dried  by  passing  through  a 
wash  bottle  containing  sulphuric  acid  and  then  over  calcium 
chloride  By  means  of  a  three-way  cock  the  carbon  dioxide 
could  be  run  into  the  apparatus  without  changing  the  connec- 
tions. 

The  cadmium  sulphate  was  prepared  in  the  following  man- 
ner :  Cadmium  nitrate,  prepared  as  above  described,  was  dis- 
solved in  water  and  a  slight  excess  of  pure  sulphuric  acid  added. 
Five  c.  c.  of  this  acid  were  evaporated  in  a  platinum  dish,  leav- 
ing a  visible  but  imponderable  residue. 

The  solution  was  evaporated  to  dryness  in  a  platinum  dish 
and  heated  long  after  fumes  of  sulphuric  acid  ceased  to  come 
off.  The  sulphate  was  dissolved  in  water,  recrystallized  and 
dried  for  six  hours  at  200°  C. 

The  following  is  a  description  in  detail  of  the  method  used 
in  the  experiments,  the  results  of  which  are  tabulated  below. 
(Series  II.) 

The  dry  cadmium  sulphate  was  placed  in  a  porcelain  boat 
and  heated  for  some  time  in  an  air  bath  to  about  300°  C. 
While  still  warm  the  boat  was  placed  in  the  weighing  tube, 
allowed  to  cool  and  weighed.  Cadmium  sulphate  parts  with 
its  hygroscopic  moisture  very  readily  at  300°  C.  Alter  weigh- 
ing, the  boat  containing  the  cadmium  sulphate  was  placed  in  a 
hard  glass  tube,  50*^™  in  length,  supported  over  a  small  combus- 
tion lurnace.  A  stream  of  pure  dry  hydrogen  sulphide  was 
then  passed  through  the  tube  and  heat  applied.  It  was  heated 
moderately  for  45  minutes  and  to  dull  redness  for  as  much 
longer.  By  this  time  its  reduction  to  sulphide  was  always  com- 
plete. It  was  then  allowed  to  cool  to  about  200°  C.  in  a  slow 
stream  of  the  gas.  When  the  temperature  had  fallen  to  this 
degree  the  hydrogen  sulphide  was  displaced  by  a  stream  of 
pure  dry  carbon  dioxide,  and  while  still  warm  the  boat  contain- 
ing the  cadmium  sulphide  was  placed  in  the  weighing  tube, 
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lUowed  to  cool  and  weighed.    Ten  experiments  by  this  method 
gave  the  following  resulte  : 

Skbtes  n. 


welirtitof 
cadmtunigulphsUi 

riioTfl 

1-07834 
1-15669 
1-15554 
■97450 
1-08156 
1-1298& 
1-09524 
1-06481 
11 7962 

w^l^I. 

2.... 

1-55831 

111-789 

4 

5 

6...- 
•J.... 

1-66978 

1-40821 

1-56290 

1-63278 

111-818 
111-801 
111-606 
111-778 
111-797 

0.... 

1-70462 

U 1-801 

Mean  value 111-7969 

Maximum 111-818 

Minimum  ._ 111-778 

Difierence , -040 

Probable  error -008 


In  tlie  course  of  tlie  work  the  experiment  of  pasein;;  hydrn- 
p:en  sulphide  over  gently  heated  cadmium  oxalate  was  tried. 
This  salt  was  completely  transformed  into  the  sulphide  at  a 
temperature  mnch  below  that  which  is  necessary  for  its  con- 
version into  cadmium  oxide.  This  reaction  was  then  made  the 
basis  of  a  new  method  for  tlie  determination  of  the  atomic 
weight  of  cadmium.  The  method  used  in  the  ten  experi- 
ments, the  resnlts  of  which  are  given  below  (Series  III),  was  as 
follows : 

Cadmium  oxalate  was  placed  in  a  porcelain  boat  and  dried  at 
150°  C.  to  a  constant  weight.     It  loses  all  of  its  moisture  al 
that  temperature.     While  warm   the  boat  was  placed  in  tlie 
weighing  tube,  allowed  to  cool  and  weighed.     The  boat  con- 
taining the  cadmium  oxalate  was  then  placed  in  a  tube  arranged 
for  passing  hydrogen  sulphide  and  supported  over  a  combnB- 
tion  furnace  as  above  described.     The  reducing  gas  was  passed 
^      through  the  tube  and  lieat  slowly  aitplied.     When  the  contenis 
^^^E  the  boat  had  been  completely  changed  to  sulphide,  the  heat 
^^Bha  raised  to  incipient  redness  and   kept  at  that  temperature 
^^^^Kftbont  one  hour.     The  cadmium  sulphide  was  allowed  to 
^^^^^MO  about  200°  C.  in  a  slow  stream  of  hydrogen  sulphide 
^^^^Bh  was  then  displaced  by  a  stream  of  pure  dry  carbon  diox- 
^^^^H:  While  etill  warm  the  boat  containing  the  cadmium  sal- 
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phide  was  placed  in  the  weighing  tabe,  allowed  to  cool  and 
'weighed.  In  every  case  the  snlphide  was  reheated  in  the 
stream  of  hydrogen  sulphide.  There  was  never  any  volatiliza- 
idon  of  cadmium  sulphide,  as  the  weight  always  remained  the 
eame,  although  in  some  experiments  the  sulphide  was  heated 
three  times  as  long  as  in  others.  Moreover  there  was  never 
any  sign  of  volatilization  either  on  the  boat  or  on  the  tube. 
Ten  experiments  by  the  above  method  gave  the  following 
results : 

Sbriks  III. 

Weight  of 

cadmium  oxalate 

taken. 

1 1-67092 

2 1-73664 

3 2-19276 

4 1-24337 

6 1-18743 

6 1-64038 

7 1-38905 

8 2-03662 

9 2-03781 

10 1-91840 


Weight  of 

cadmium  sulphide 

found. 

Atomic 
weight. 

1-13065 

111-812 

1-24979 

111-7«B 

1-57825 

111-824 

-89492 

111-823 

-85463 

111-807 

1-10868 

111-771 

-99974 

111-806 

1-45617 

111-833 

1-46658 

111-774 

1-38075 

111-814 

12-12906 

(111-8060) 

Total 16-86228 

Mean  value 111-805 

Maximum 111-833 

Minimum 111-771 


Difference -062 

Probable  error -009 

The  mean  of  the  three  series  gives  111-8016  as  the  atomic 
weipht  pf  cadmium,  with  O  =  16. 

The  following  is  a  description  of  the  methods  and  apparatus 
used  in  the  weighings:  In  the  experiments  by  Lenssen's 
method  two  crucibles  were  used,  one  as  a  counterpoise.  This 
dammv  was  treated  in  every  respect  in  the  same  manner  as  the 
crucible  containing  the  material  operated  upon.  For  weighing 
the  crucibles,  small  beakers,  with  glass  covers  ground  on,  were 
provided.  These  beakers  were  adjusted  so  that  their  weights 
were  approximately  equal.  The  balance  being  provided  with 
two  riders,  one  of  them  was  used  to  obtain  adjustment  with 
the  beakers  on  the  pans,  while  the  other  was  used  in  the  actual 
weighing  after  the  crucibles  were  introduced.  The  beakers 
were  never  touched  with  the  hands,  but  were  taken  in  and  out 
of  the  balance  case  by  means  of  tongs,  and  the  crucibles  were 
introduced  into  the  beakers  with  platinum  forceps.  The  adjust- 
ment of  the  balance  with  the  beakers  on  the  pans  was  tested 
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before  and  after  every  weighing,  and  daring  the  entire  serin 
of  experimente  the  greatest  yanation  was  "0001  gnma. 

For  weighing  the  boats  used  in  the  second  and  third  series  A 
experiments,  hght  glass  tubes,  with  aocnratelj  fitting  stoppen 
of  glass,  were  mada  Two  boats  were  nsed  in  every  experi- 
ment, one  as  a  counterpoise.  The  boats,  while  Btill  wsrm, 
were  placed  in  the  tabes  and  the  tabes  stoppered.  When  quite 
cold  the  stoppers  were  momentarily  loosened  to  restore  the 
atmospheric  equilibrium  inside  the  tabes. 

The  lialance  used  was  most  accurate  and  highly  sensitive,  of 
the  short  arm  pattern,  with  an  alaminium  beam.  With  t 
load  of  80  grams  in  each  pan  the  resting  point  was  displaeed 
two  whole  divisions  by  •0001  grams.  The  weights  were 
adjusted  with  the  utmost  care,  especially  for  this  work.  The 
weighings  in  all  experiments  were  reduced  to  the  vacnnm 
standard. 

University  of  PeDDSjlvania. 


Art.  XLIX. — On  the  occurrence  of  NUrogen  in  Uraninik 
and  on  the  composition  of  Uranifiiie  in  general.  Oon- 
densed  from  a  forthcoming  Bulletin  of  the  U,  S.  Oeologicd 
Survey ;  by  W .  F.  Hillebrand. 

The  following  pages  contain  in  mach  condensed  form  the 
results  of  chemical  work  thus  far  done  by  myself  on  uraninite 
from  various  localities  in  North  America  and  Europe,  of 
which  brief  notices  have  already  from  time  to  time  appwed* 
For  various  reasons  it  has  been  impossible  to  bring  the  investi- 
gation as  far  forward  as  was  expected,  and  the  resnlts  are  in 
some  respects  incomplete  and  in  others  difficult  of  interpreta- 
tion, but  so  much  time  has  elapsed  since  the  work  was  begun 
that  it  seems  advisable  to  make  public  now  what  has  been 
achieved,  without  waiting  an  indefinite  and  jprobably  long 
time  for  the  sake  of  then  presenting  the  subject  in  a  more 
finished  and  satisfactory  form. 

At  an  early  stage  of  the  work  it  was  found  that  to  the 
North  American  varieties  could  by  no  possibility  be  applied 
the  formula  obtained  by  Comstockf  for  the  Branchville 
Conn.,  mineral,  and  by  Blomstrand  X  for  the  Norwegian  and 
Bohemian  varieties.  Comstock's  analysis  was  shown  to  be 
incorrect,  he  having  found  no  thoria  where  about  7  per  cent 

*  This  Journal,  III,  xxxri,  295,  xxxviii,  329,  and  BulL  U.  S.  Ged.  Suirej,  Ho. 
GO,  p.  131. 

(This  Journal,  III,  zix,  220. 
Geol.  For.  Forh.,  vii,  59,  and  Jouro.  prakt  Chem.,  zziz,  191. 
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eadsted  and  his  UO,  being   moreover  much  too  low.     A  re- 
examination of  the  Norwegian  mineral  seemed  desirable,  and 
Ihanks  to  Professors  W.  C.  Brogger  and  A.  E.  Nordenskiold, 
who  kindly  furnished  material   from  several   quarries  about 
Mobs  and   from   Arendal,  this   was   rendered   possible.     The 
results  were  surprising  and  established  beyond  question  that 
the  formula  found  by  Blomstrand  was  purely  accidental,  that 
the  mineral  from  different  quarries  varied  in  composition  and 
in  such  a  manner  that  it  was  inadmissible  to  suppose  that  the 
occurrence   analyzed   by  him  represented   the   pure   material 
from  which  the  others  might  have  been  derived  by  alteration. 
The  most  surprising  discovery,  however,  was  that  nitrogen  is 
an  integral  component  of  most  uraninites  and  possibly  of  all, 
in  quantities  ranging  from  mere  traces  up  to  over  2*5  per  cent 
The  nitrogen  is  set  free  from  the  mineral  as  nitrogen  gas  by 
the  action  of  a  non-oxydizing  inorganic  acid,  and  by  fusion 
with  an  alkaline  carbonate  and  probably  also  caustic  alkalies  in 
a  current  of  CO,.     As  obtained  by  the  use  of  acids  the  gas  is 
colorless,  odorless,  a  non-supporter  of  combustion,  unchanged 
by  mixture  with  air,  neutral  to  litmus  papers,  not  absorbed  by 
caustic  alkalies,  and  insoluble  in  water,  at  least  its  coefficient 
of    absorption    is   so   small   as   to   be    inappreciable   without 
elaborate  experimentation.     When  subjected  in  a  eudiometer 
to  the  ordeal  prescribed  by  Bunsen  *  there  results  no  altera- 
tion in  volume,  other  than  that  caused  by  the  union  of  the 
hydrogen  and  oxygen  added. 

This  evidence,  while  fairly  conclusive  as  to  the  nature  of 
the  gas,  was  purely  negative,  and  proof  of  a  more  positive 
character  was  sought.  Tfitric  acid  is  formed  from  a  moist 
mixture  of  the  gas  with  pure  oxygen  by  long  continued 
passage  of  the  electric  spark,  and  ammonia  is  produced  by  the 
so-called  silent  discharge  through  a  mixture  of  the  gas  with 
three  volumes  of  electrolytic  hydrogen.  The  contraction 
produced  in  the  latier  case  could  be  measured  by  cubic  centi- 
meters, and  water  used  as  an  absorbent  of  the  ammonia 
colored  red  litmus  paper  deep  blue,  besides  giving  a  strong 
ammonia  reaction  with  Nessler's  reagent.  With  dilute  hydro- 
chloric acid  as  an  absorbent  there  was  obtained  an  abundant 
precipitate  of  ammonium  platinic  chloride.  In  a  Geissler 
tube  under  a  pressure  of  10°"™  and  less  the  gas  afforded  the 
fluted  spectrum  of  nitrogen  with  great  brilliancy. 

Special  attention  was  paid  to  the  estimation  of  U0„  or 
more  properly  of  the  oxygen  required  to  effect  complete 
oxidation  after  solution  of  the  mineral  in  sealed  tubes  with 
sulphuric  acid.  It  was  found  that  concordant  results  were 
only  to  be  obtained  when  the  tubes  were  filled  with  CO,  from 

*  Gkaometrische  Methoden,  2d  ed.,  pp.  73  and  74. 
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a  generator  and  not  b^  the  introdnotiou  of  Na^OO,  into  fti 
tabes  tbemselyes.  With  the  obeerration  of  this  and  oUmi 
precantions  detailed  in  the  nnabridged  article  the  resohiaf 
titration  with  EMnO^  leave  nothing  to  be  desired  as  regiiii 
accuracy. 

The  analyses  which  follow  were  with  two  ezoeptions — ^Yod 
XYIII — made  before  recognition  of  the  nature  and  impoit- 
ance  as  regards  quantity  of  the  gas  given  off  by  add,  ad 
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their  object  was  chiefly  to  ascertain  the  relative  percentages  of 
UO,,  UO,,  and  rare  earths  with  a  reasonable  degree  of  dofie- 
ness.  Unusual  pains  to  secure  very  accurate  summations  were 
therefore  not  taken  except  in  analysis  Y,  and  this  was  an- 
fortunate  as  will  appear  later. 

Comstock  and  blomstrand  both  assumed  that  the  iron  foand 
by  them  existed  as  FeO,  but  for  reasons  whidi  cannot  be 
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detailed  in  this  paper  I  have  preferred  to  consider  it  generally 
as  Fe,0,.  The  values  ffiven  for  CTO,  and  UO,  are  therefore  sub- 
ject to  a  correction  if  this  assumption  should  prove  unwar- 
ranted, but  the  amount  of  iron  found  is  so  small  as  to  affect  in 
no  way  the  conclusions  drawn  from  the  analyses.  It  is  highly 
probable  from  an  experiment  made  on  the  material  of  analysis 
V  that  none  of  the  iron  belongs  to  uraninite,  but  is  simply  de- 
rived from  foreign  bodies  from  which  it  is  practically  impossi- 
ble to  free  the  mineral  entirely.  It  is  probable  that  in  all  cases 
but  Y  and  XVIII  the  total  percentage  of  earths  is  somewhat 
too  low.  Oxalic  acid  always  leaves  a  portion  of  the  earths  with 
uranium,  and  the  remainder  can  only  be  recovered  by  pre- 
cipitation as  nitrates  by  ether  from  a  neutral  solution.  This 
was  done  only  in  the  two  cases  mentioned,  which  in  point  of 
time  post-date  all  other  analyses. 

Norwegian  Uraninites, 
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Want  of  space  forbids  reproducing  in  this  article  numerous 
explanatory  notes  and  the  separate  figures  of  which  the  above 
are  in  many  cases  the  mean,  without  which  the  accompanying 
tables  should  on  no  account  be  used  as  a  basis  for  criticism. 

The  Glastonbury  material  was  all  from  Hales's  quarry  in 
the  town  of  Glastonbury,  a  few  miles  N.E.  of  Middletown, 
and   was   obtained    through   various    channels.      That    from 

*  The  Io88  in  this  analysis  is  supposed  to  be  mainlj  accounted  for  by  Cd. 
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Branch ville  was  received  from  Professors  Brush  aud  Dun, 
and  was  the  residue  of  the  material  from  which  Oomstock  M 
taken  his  for  analysis.  No.  YI  was  by  far  the  purest  of  m^ 
material  obtained  from  any  locality.  It  is  eunestly  to  w 
hoped  that  more  of  this  excellent  material  may  be  found  for 
closer  investigation,  since  it  possesses  the  fi^reatest  density  snd 
the  highest  percentage  of  UO,  and  N  of  any  known  varietr, 
besides  representing  the  extreme  of  perfection  as  refpuui 
crystallization  and  parity. 

The  Colorado  mineral  differs  from  all  other  American  oocm^ 
renccs  in  that  it  is  devoid  of  crystalline  form  and  that  thoria  v 
wanting,  its  place  being  apparently  supplied  by  ziroonia.  It 
moreover  contains  the  least  amount  of  lead  of  any  known  urui- 
nite.  Tlie  North  Carolina  material  was  analyzed  mainly  te 
learn  if  rare  earths  enter  into  its  composition.  No.  X  represeoli 
the  composition  of  the  purest  sample  available,  and  Na  XL 
of  the  residue  after  extraction  of  the  yellow  oxidation  prodneti 
by  very  weak  HCl.  No  really  unaltered  uraninite  appears  to 
have  been  found  in  North  Carolina. 

Of  the  Norwegian  specimens  those  analyzed  under  XII  and 
XIII  were  from  Professor  W.  C.  Brogger,  the  remainder  from 
Professor  A.  E.  Nordenskiold.  XII  is  the  original  Broggerite 
of  Blomstrand,  while  XIII  is  ^^  so  viel  ich  weiss  von  derselben 
Stelle  wie  das  Originalmaterial  Lorenzens"  (Brogger).  Those 
from  Professor  Nordenskiold  all  bore  erroneously,  with  excep- 
tion of  that  from  Arendal,  the  name  Cleveite. 

In  tlie  following  table  all  the  foregoing  analyses  of  Norwe- 
gian matenal  have  been  re-calenlated  to  the  percentages  fonnd, 
excluding  the  insoluble  matter,  in  order  that  their  true  relatioDB 
may  appear  at  a  glance,  whereby  the  sum  of  the  rare  earths 
combined  is  given  instead  of  each  earth  or  group  of  earths  by 
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itself.  Only  those  constitaents  are  tabulated  which  may  be 
considered  unquestionably  in  whole  or  in  part  as  belonging  to 
the  uranium  mineral. 

An  examination  of  analyses  XII  to  XYI  as  re-calculated 
hardly  allows  of  any  other  conclusion  than  that  the  spedmeos 
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n  the  above  four  different  quarries  about  Moss  belong  to 

and  tbe  same  mineral  species,  just  as  may  be  said  of  the 
leral  from  the  two  Connecticut  localities.  While  analysis 
[  differs  in  some  respects  from  Blomstrand's  analysis  of 
>ggerite  it  simply  serves  to  show  that  the  mineral  may  vary 
composition  in  the  same  quarry.  Leaving  out  of  considera- 
I  for  the  present  the  nitrogen,  it  is  certain  that  the  ortho- 
nate  formula  derived  by  him  from  his  analysis  cannot  be 
ained  from  No.  XII.  A  comparison  of  analyses  XIII  and 
V^  with  Lorenzen's  analysis,*  coupled  with  Professor  Brog- 
*s  words  given  above  and  the  fact  that  not  one  of  the  speci- 
is  from  the  neighborhood  of  Moss  above  analyzed  contains 

than  8  per  cent  of  earths,  gives  rise  to  the  strongest  possible 
picion  that  that  analyst  has  overlooked  thoria  altogether, 
withstanding  the  fact  that  the  present  material  is  from 
estad  and  Lorenzen's  \ya8  from  Huggenaskilen.  The  pos- 
lity  of  a  mistake  as  to  the  source  of  Lorenzen's  material  is 
jsted  by  the  totally  different  ratio  between  UO,  and  UO, 

le  specimen  from  Huggenaskilen  sent  by  Professor  Nor- 
skiold  (No.  XVI).  If  it  should  prove  that  Lorenzen  over- 
ked  thoria,  another  of  Blomstrand's  supports  in  favor  of  the 
lo-uranate  formula  for  all  uraninites,  including  Broggerite 

Cleveite,  is  knocked  away,  the  tiret  being  the  earlier  and 
hown  incorrect  analysis  of  Branchville  uraninite. 
?he  oxygen  ratios  calculated  for  analyses  XII  to  XVI, 
nting  all  earths  as  thoria,  whereby  the  comparison  is  very 
le  affected,  since  the  percentages  oi  other  earths  are  almost 
:e  in  all  analyses,  are  as  given  below,  as  also  the  ratio  for 
mstrand's  Broggerite,  in  which  FeO  has  been  changed  to 
O,  and  a  corresponding  change  made  in  the  UO,  and  UO, 
)rder  to  compare  properly  with  the  others. 


Mol.Wt.  Xll.  Xin*XlV.  i         XV.  XVI.        '    Broggerite. 
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t  is  seen  that  none  of  the  ratios  conform  even  approximately 
that  for  Blomstrand's  analysis  except  that  of  the  mineral 
:n  Huggenaskilen.     A  re-calculation  of  all  with  Fe^O,  instead 
FeO  and  consequent  changes  in  UO,  and  UO,  and  separation 
;he  earths  would  give  the  normal  ratio  1 : 1  for  Blomstrand's 
lysis,  but  the  others  would  differ  from  it  more  widely  than 
;ne  above  exhibit. 

Nyt  Mag.  f.  Natunr.,  xxviii,  249.     UO,  38-23,  UO,  60-42,  PbO  972,  FoO  -25, 
•21,  H,0  -70,  SiO,  -31  (99*84). 
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The  correctDeos  of  the  ortho-nranate  formula  for  BrSfJigente 
itself  having  been  inyalidated  by  the  differenoe  between  lui 
own  and  anuysis  XII  aboYe,  it  is  hardly  worth  while  to  diiemi 
its  applicability  to  the  Bohemian  and  Saxon  nraniniteB  of  wbieh 
no  complete  and  reliable  analyses  have  been  made  except  perhaps 
the  single  one  by  Ebelmen  in  1848,  which  on  re-calculatioD  d; 
Blomstrand  was  found  to  conform  to  his  view.  It  can  hardly 
be  doubted  that  had  Blomstrand  been  able  to  analyze  material 
from  more  than  one  quarry  about  Hoss  he  would  have  seen 
the  impossibility  of  reconciling  the  discrepancies  in  compositiQii 
so  as  to  admit  of  the  application  of  one  general  formula. 

It  is  apparent  notwithstanding  the  deficiency  of  earthi 
and  one  or  two  other  discrepancies,  that  uialyaia  XYII  wm 
really  made  upon  Cleveite  as  the  label  indicated.  The  den- 
sity too  corresponds  exactly  with  that  found  by  Ivorden^ 
kiold.''^  From  a  comparison  of  analyses  and  reaaoning  whieh 
cannot  be  here  set  forth  for  want  of  space,  it  is  in  th» 
highest  degree  probable  that  the  Oleveite  of  Nordenddold,  tbe 
Nivenite  of  Hidden  and  Mackintosh,t  and  the  material  d 
analysis  XYII  are  identical  or  represent  slightly  difEerent  stasei 
of  alteration  of  one  and  the  same  original  spedea.  What  ma 
species  is  is  pretty  clearly  indicated  by  analysis  XYIII  where 
the  earths  are  in  about  the  same  proportion  as  in  XYII,  hot 
the  UO,  and  UO,  stand  in  a  very  different  ratio.  The  mate- 
rial of  this  was  likewise  from  Arendal  and  presumkbly  from 
the  precise  locality  of  that  of  analysis  XYII,  since  the  pieces 
were  in  one  package  without  distinguishing  labels.  Its  ex- 
treme solubility:!:  compared  with  the  other  ^Norwegian  uranin- 
it^  is  shared  by  that  of  analysis  XYII,  by  Cleveite,  and  by 
Nivenite,  and  is  to  be  explained  probably  not  so  much  by  ad- 
vanced decomposition  as  by  the  preponderance  here  of  a  more 
soluble  yttrium-uranium  compound.  Whether  this  last  Aren- 
dal material  is  the  same  whence  Cleveite  and  its  American 
representative  have  been  derived  by  alteration,  as  seems  most 
probable,  or  not,  it  is  in  any  event  a  true  uraninite  of  more 
basic  character  than  any  of  the  Norwegian  thorium-uraninites, 
and  consequently  conforms  still  less  than  those  to  the  ortbo- 
uranate  formula. 

Only  traces  of  nitrogen  were  found  in  uraninite  from  Prri- 
bram,  Joachiinsthal,  and  Johanngeorgenstadt.  None  of  the 
specimens   contained   zirconia,   thoria,  or  other   rare    earths. 

♦  Geol.  For.  Forh.,  iv,  28.  and  Zeitsclir.  f.  Krjst.,  iii,  201. 

f  This  Journal,  III,  xxxviii,  481. 

i  In  this  eoDDection  it  may  be  remarked  that  the  greatest  differenoe  ezisti  be- 
tween the  solubility  of  the  Norwegian  and  the  American  uraDinites.  WhQe  13 
hours  is  more  than  sufficient  to  effect  complete  decompositioD  of  any  of  ^ 
former  by  very  dilute  IlaSOi  at  100''  C,  nine  days  is  inaulBdeiit  for  tiis  Ooa- 
necticut  mineral. 
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3wing  to  the  uncertainty  of  being  able  to  determine  with  any 
jlose  approach  to  truth  the  proportions  of  UO,  and  TJO,  in  the 
presence  of  sulphides  and  compounds  of  arsenic  and  vanadium, 
lo  quantitative  analyses  of  specimens  from  those  localities  have 
18  yet  been  made. 

Hitherto  the  analyses  have  been  considered  without  reference 
so  the  nitrogen.  It  has  been  sought  to  show  on  grounds  which 
i?oiild  be  valid  even  without  its  presence  that  the  ortho-uranate 
formula  is  capable  of  no  general  application  to  uraninite,  and 
that  in  the  one  or  two  cases  where  it  does  seem  to  apply  this 
agreement  is  probably  accidental.  Taking  into  account  the 
low  atomic  weight  of  nitrogen  as  compared  with  uranium, 
thorium,  and  lead,  it  is  plain  that  it  must  play  an  important 
oart  in  the  constitution  of  the  molecule,  and  that  therefore  its 
aiBCOvery  without  other  evidence  furnished  by  the  analyses  is 
sufficient  to  invalidate  entirely  the  practically  identical  formulae 
of  Comstock  and  Blomstrand.  Throughout  the  whole  list  of 
analyses  in  which  nitrogen  has  been  estimated  the  most  striking 
feature  is  the  apparent  relation  between  it  and  the  UO^  This 
is  especially  marked  in  the  table  of  Norwegian  uraninites  re- 
calculated, from  which  the  rule  might  almost  be  formulated  that, 
given  either  nitrogen  or  UO,  the  other  can  be  found  bv  simple 
calculation.  The  same  ratio  is  not  found  in  the  Connecticut 
varieties,  but  if  the  determination  of  nitrogen  in  the  Branch- 
ville  mineral  is  to  be  depended  on,  the  rule  still  holds  that  the 
higher  the  UO,  the  higher  likewise  is  the  nitrogen.  The  Colo- 
rado and  North  Carolina  minerals  are  exceptions,  but  it  should 
be  borne  in  mind  that  the  former  is  amorphous  like  the  Bohe- 
mian and  possesses  the  further  similarity  of  containing  no 
thoria,  though  zirconia  may  take  its  place,  and  the  North  Car- 
olina material  is  so  much  altered  that  its  original  condition  is 
quite  unknown. 

In  the  absence  of  all  positive  knowledge  as  to  the  role  which 
nitrogen  plays  in  the  mineral  it  would  be  idle  to  speculate  at 

S resent  upon  the  proper  position  of  the  latter  in  mineral  classi- 
cation.     Much  remains  to  be  done  before  this  question  can  be 
elucidated. 

But  two  explanations  seem  possible  to  account  for  the  wide 
differences  in  the  oxygen  ratios  for  UO,  and  total  bases,  vary- 
ing as  they  do,  from  I  :  4*37  for  the  Branch ville  material  of 
analysis  VI  to  1 : 1  for  Blomstrand's  Brdggerite  and  even  to  a 
ratio  indicating  acidity  for  Nivenite.  Either  all  the  others  are 
alteration  products  of  a  mineral  having  the  composition  of  the 
Branchville  occurrence,  or  even  of  some  unknown  body  entirely 
free  from  UO, ;  or  they  are  mixtures  of  two  or  more  substances. 
Fractional  solution  indicates  this  prettly  clearly  without  decid- 

Am.  Jour.  Sol— Third  Series,  Vol.  XL,  No.  239.— Nov.,  1890. 
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ing  between  them,  for  when  Glastonbury  nraninite  wtis  lob- 
jected  to  the  action  of  snlphnric  or  hydrochloric  adds  for  dil- 
ferent  periods  of  time  the  residue  was  fonnd  to  be  enriched  in 
UO,  and  likewise  in  nitrogen,  and  this  enrichment  was  more  or 
less  according  as  mach  or  little  of  the  mineral  had  been  ik- 
solved. 

Whatever  may  be  the  eventnal  conclusion  it  will  be  foimd 
that  the  small  amount  of  water  afforded  by  all  analyses  mut 
be  carefully  considered.  Small  as.  this  quantity  is,  in  conse- 
quence of  its  low  molecular  weight  as  oppK>sed  to  aranims, 
thorium,  and  lead,  it  must  play  an  important  part  in  the  min- 
eral as  a  homogeneous  whole  or  in  one  of  its  parts  if  a  mixtura 
In  the  latter  ease  it  will  unquestionably  be  found  to  belong  to 
the  more  soluble  component 

Attention  must  l>e  called  to  one  difficulty  presented  bv  the 
analyses  for  which  no  satisfactory  explanation  presents  liselt 
Analysis  Y  was  made  partly  in  duplicate  with  all  possible  re- 
finements in  order  to  ascertain  whether  or  not  the  almost  con- 
stant plus  in  the  summations  of  those  preceding  analyses  in 
which  all  constituents  had  been  determined,  or  in  which  it  was 
evident  that  an  excess  would  result  by  the  estimation  of  the 
one  or  two  failing  members,  was  due  to  impure  reagents  or  to 
faulty  manipulation.  The  excess  still  appears,  and  it  seems  us 
if  some  one  of  the  weighings  in  all  analyses  must  have  been 
uniformly  too  high.  The  cause  cannot  be  sought  in  a  replace- 
ment of  oxygen  by  nitrogen  in  combination  with  uranium  as  is 
often  allowable  when  fluorine  is  present  in  a  mineral,  for  since 
the  nitrogen  is  freed  as  a  gas  by  sulphuric  acid  it  is  immaterial 
so  far  as  the  summation  is  concerned,  whether  the  proportions 
of  UO,  and  UO,  as  found  by  titration  are  correct  or  not  A 
certain  amount  of  oxygen  has  been  used,  and  it  does  not  alter 
the  result  whether  this  has  been  employed  to  oxidize  a  sub- 
oxide of  uranium  to  UO,.  supj>osing  nitrogen  to  have  replaced 
a  part  of  the  oxygen  in  IJO,,  or  only  in  oxidizing  UO,  to  UO,. 
In  tlie  former  case  the  actual  percentage  of  UO,  m  the  mineral 
would  l)e  increased,  l)ut  the  oxygen  consumed  would  be  the 
same.     Tliis  matter  will  be  further  looked  into. 

Other  very  mystifying  points  have  been  observed  which 
were  revealed  in  a  series  of  supplementary  experiments  on 
Glastonbury  nraninite  which  can  here  only  be  outlined  in  the 
briefest  manner.  Experiment  having  shown  that  no  nitrocen 
could  be  obtained  by  H,SO^  or  by  fusion  with  an  alkaline 
carbonate  after  sufliciently  long  ignition  of  the  mineral  in  air, 
it  was  sought  to  learn  if  the  final  change  in  weight  by  such 
ignition  represented  the  diflEerence  between  loss  oi  water  plnfl 
all  nitrogen  and  gain  of  oxygen  from  oxidation  of  UO^  All 
experiments  made    showed  a  considerable  gain  in  weigbt, 
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whereas  there  should  have  been  a  large  loss  if  the  nitrogen 
had  been  expelled.  No  other  explanation  seems  possible  than 
that  the  nitrogen  has  entered  into  some  other  state  of  combi- 
nation from  which  it  is  not  set  free  by  the  usual  means.  A 
somewhat  similar  change  seems  to  result  from  heating  the  min- 
eral in  hydrogen.  All  UO,  is  reduced  to  XJO,  ana  the  usual 
tests  show  that  the  percentage  of  nitrogen  decreases  very  slowly 
as  the  heating  is  prolonged,  but  the  total  loss  is  by  no  means 
equal  to  the  sum  of  water  plus  oxygen  of  UO,  reduced  to  UO, 
plus  the  nitrogen  that  has  disappeared ;  it  is  slightly,  if  any,  in 
excess  of  water  and  oxygen  from  UO,  alone.  Ammonia  is  not 
formed.  Practically  no  loss  in  weight  occurs  on  heating  the 
mineral  in  CO,  beyond  that  representing  the  water. 

Briefly  summarized  the  conclusions  are  as  follows : 

First.  Nitrogen  exists  in  uraninite  in  quantities  up  to  over 
2*5  per  cent,  and  seems  generally  to  bear  a  relation  to  the 
amount  of  UO,  present.  This  is  the  first  discovery  of  nitro- 
gen in  the  primitive  crust  of  the  earth. 

Second,  The  condition  in  which  the  nitrogen  exists  is  un- 
known, but  it  is  entirely  different  from  any  hitherto  observed 
in  the  mineral  kingdom. 

Third,  Analysis  of  uraninite  from  various  localities  has 
shown  that,  with  in  general  the  same  constituents,  the  mineral 
varies  widely  in  composition,  and  that  its  ph^^sical  character- 
istics and  its  behavior  toward  certain  solvents  are  often  as  dis- 
tinct as  the  chemical  differences. 

Fourth.  The  formulse  of  Comstock  and  Blomstrand  are  inap- 
plicable to  the  zirconia,  thoria,  and  yttria  uraninites  of  North 
America  and  Norway,  among  which  are  to  be  reckoned 
Broggerite,  Cleveite,  and  Nivenite,  and  probably  to  the  varie- 
ties free  from  earths. 

Fifth,  Extended  and  most  careful  examination  of  uraninite 
specimens  from  all  possible  localities  is  necessary  before  any 
conclusion  worthy  of  acceptance  can  be  reached  as  to  the  char- 
acter of  the  chemical  combination  or  combinations  represented 
by  them.  The  work  in  this  direction  should  likewise  cover  a 
study  of  the  nitrides  and  oxynitrides  of  uranium  and  thorium, 
with  synthetical  experiments  aiming  at  the  artificial  produc- 
tion of  uraninite. 

Work  will  continue  in  this  laboratory  as  opportunity  may 
offer.  It  is  earnestly  to  be  hoped  that  those  possessing  or  in  a 
position  to  secure  uraninite  specimens  will  take  the  trouble  to 
examine  them  on  the  lines  suggested  in  the  foregoing  pages, 
or  if  unable  to  do  so,  will  kindly  contribute  material  for  exam- 
ination here.  The  interest  in  the  matter  is  not  confined 
merely  to  a  solution  of  the  composition  of  this  one  mineral ; 
It  is  broader  than  that,  and  the  question  arises,  may  not  nitro- 
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gen  be  a  constituent  of  other  species  in  a  form  hitherto  unsus- 
pected and  unrecognizable  by  our  ordinary  chemical  manipu- 
lations? And  if  so,  other  problems  are  suggested  which  it  is 
not  now  in  order  to  discuss. 

Laboratory  of  the  U.  S.  Geological  Survey, 
WashingtOD,  D.  0.,  June  30th. 
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by  S.  L.  Penfield. 

As  an  orthorhombic  member  of  the  hornblende  group  of 
minerals  anthophyllite  is  of  special  .interest,  being  a  magnesia- 
iron  silicate  without  calcium,  and  standing  thus  in  the  same 
relation  to  hornblende  as  the  orthorhombic  enstatite,  bronzite 
and  hypersthene  do  to  the  monoclinic  pyroxene.  As  far  as  the 
author  can  learn  it  has  never  been  fully  identified  from  any 
locality  in  the  United  States.  Many  specimens  which  may  be 
seen  in  collections  labeled  anthophyllite  will  be  found,  when 
examined  with  the  microscope,  to  be  fine  fibrous  or  radiated 
varieties  of  hornblende.  The  material  which  will  be  described 
in  the  present  paper  was  collected  at  the  dump  of  the  Jenks 
Corundum  Mine,  Franklin,  Macon  Co.,  N.  C,  by  Mr.  Norman 
Spang,  where  it  is  said  to  occui  abundantly,  but  as  it  was 
supposed  to  be  a  common  mineral  only  a  small  specimen  was 
taken  away,  which  he  generously  gave  to  the  author  for 
determination  and  investigation. 

As  anthophyllite  is  only  known  from  a  few  localities  and  as 
many  varieties  which  have  been  referred  to  the  species  are, 
according  to  the  analyses,  impure  or  more  or  less  decomposed 
(indicated  by  a  high  percentage  of  water),  a  full  description  of 
the  pure  and  well  crystallized  North  Carolina  mineral  seems 
desirable,  especially  as  the  crystals  are  transparent,  rendering 
it  possible  to  make  a  fuller  determination  of  the  optical  prop- 
erties than  has  yet  been  made.  The  mineral  occurs  in  pris- 
matic crystals,  sometimes  several  centimeters  long  and  nearly 
5mm  wi(Je  in  the  greatest  diameter,  imbedded  in  a  green  foliated 
pennine,  which  latter  shows  in  convergent  pK)larized  light 
under  the  microscope  a  uniaxial  interference  figure  with  weak 
positive  double  refraction.  The  only  forms  observed  on  the 
anthophyllite  are  the  prism  110,  /  and  the  brachy-pinacoid 
010,  ?4.  No  terminations  could  be  found,  the  crystals  when 
traced  to  the  very  end  in  the  pennine  becoming  irregular  and 
much  broken.  The  prismatic  faces  have  a  fine  luster  but  are 
slightly  etched  ;  examined  under  the  microscope  they  appear  to 
be  covered  with  delicate  markings  with  irregular  and  moetly 
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d  contours.  Thej  frequently  show  vertical  striations, 
ially  that  part  of  the  prism  which  is  nearest  to  the  obtuse 
,  and  this  is  frequently  rounded  oflE  by  the  oscillatory 
ination.  Nine  of  the  best  selected  crystals  were  measured 
e  reflecting  goniometer,  but  the  reflections  were  somewhat 
tain  owing  to  the  striations  and  surface  markings  on  the 
latic  faces.  The  two  best  measurements  were  1^,1^ 
IlO  =  125°  37'  and  126°  38',  while  the  average  of  fifteen 
irements  each  of 

IIOaIiO,  varying  from  125'  26'-  126"  41' =  125*  35' 
no  /v  lIO,  varying  from    54''  12'  -    54''  34'  =    54"  25' 

}  take  therefore  125°  37'  as  the  best  measurement,  it  is 
close  to  the  average  given  above  and  will  certainly  very 

J  represent  the  true  value.  From  this  the  ratio  a :  ft  = 
5 : 1.  The  above  values  vary  somewhat  from  the  deter- 
:ion8  of  Des  Cloizeaux*  on  the  anthophyllite  from  Kongs- 
in  Norway,  who  gives  for  //^/  about  125°. 
e  cleavage  is  very  perfect  parallel  to  the  prism,  110,  and 
y-pinacoid,  010 ;  the  latter  is  easily  produced  and  yields 
int  surfaces  although  it  is  always  mentioned  in  the  min- 
yies  as  indistinct.  The  cleavage  parallel  to  the  macro- 
oid,  100,  which  is  always  mentioned  as  perfect  was  poor 
carcely  perceptible. 

e  crystals  are  very  transparent  and  have  a  delicate  clove- 
n  color,  the  largest  ones  affording  good  material  for  deter- 
le  the  optical  properties.  The  plane  of  the  optical  axes 
tie  brachy-pinacoid,  as  in  all  antnophyllites.  Two  plates 
cut,  one  parallel  to  the  macro  pinacoid,  the  other  parallel 
3  base.  The  latter  was  small  and  considerable  difficulty 
experienced  in  making  it  at  right  angles  to  the  good 
ages.  From  these  two  plates  the  divergence  of  the  optical 
was  measured  on  a  large  axial  angle  apparatus  in  the 
sium  mercuric  iodide  solution  whose  indices  of  refraction 
w,  red,  Li  =  1*6650;  w,  yellow,  Na  =  1*6811;  n,  green, 
1'7086  with  the  following  results: 

Macro-piDacoid  section.         Basal  section. 

2  H  for  red        =  87°  31'  87°  24' 

2  H  lor  yellow  =  85    45  88      5 

2  \\  for  green    =  83    44  88    28 

which  we  can  calculate : 

2  V  red         =  90°     4'  ft  =  1-6276 

2  V  yellow  =  88    46  ft  =  1-6353 

2  V  green     =  87    28  ft  =  16495 

*  Manuel  dc  Min^ralog^e,  i,  p.  75. 
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We  see  from  the  above  that  the  optical  axes  are  about  at  right 
angles  to  one  another.     There  is  a  marked  dispersion  about 
the  d  axis,  which  is  />>v,  the  brachy  axis  being  the  acute  bisec- 
trix for  green  and  yellow  but  obtuse  for  red.    One  of  the  pris- 
matic crystals  after  polishing  the  faces  served  as  a  prism  for 
determining  two  of  the  indices  of  refraction.     The  prismatic 
angle  after  polishing  measured  52^  55^    The  minimum  devia- 
tion for  yellow  was  41°  0'  for  rays  vibrating  parallel  to  the 
vertical  axis,  and  40°  14'  for  rays  vibrating  parallel  to  the 
macro-axis,  from  which  we  calculate  y  =  1'6404  and  fi  =  1"6301, 
while  j9  above  was  found  to  be  1'63&8.    From  the  values  of 
2V,  Y  and  j9  for  yellow  we  calculate  a  =:  1-6288,     The  optical 

orientation  is  therefore  ^  =  a,  S  =  6  and  c  =  c.  The  double 
refraction  is  negative  for  green  and  yellow,  d  being  the  acute 
bisectrix  and  positive  for  red,  6  being  the  acute  bisectrix 

Hardness  about  6.  Specific  gravity,  by  floating  in  the  heavy 
solution,  3-093. 

The  purest  crystals  were  selected  for  analysis  by  hand- 
picking  which  was  easily  accomplished  as  the  mineral  separated 
readily  from  the  matrix.  *^  ^ 

The  results  of  analysis  on  the  air-dry  powder  are  as  follows: 

Batio. 

SiO,  '67-98  -966 

FeO  10-39  •144'! 

MnO  -31  -005  I 

M^O  28-69  -717  J--968 

CaO  -20  -004  I 

H,0  1-67  -093] 

AlgOj  -63 

Loss  at  100°     -12 


69-99 


The  ratio  of  SiO,  :R0  (11,0  being  included)  is  '966ym 
or  almost  exactly  1:1,  giving  the  formula  RSiO.,  R  =  Mg, 
Fe,  Hg  and  traces  of  Mn  and  Ca.  The  mineral  when  heated 
in  a  closed  tube  over  a  Bunsen  burner  was  found  to  be  anhy- 
drous and  the  analysis  was  made  accordingly.  After  drving 
the  powder  at  100°  C  ,  the  mineral  was  heated  to  faint  reciness 
in  a  crucible  and  lost  only  0-19  per  cent.  On  summing  up  the 
analysis,  which  was  very  carefully  made  and  everything  tested, 
a  deficiency  of  1*50  per  cent  was  found  and  moreover  tne  ratio 
of  SiO,  :RO=  ^Gi-STO,  which  indicated  a  large  excess  of 
silica.  In  trying  to  account  for  this  deficiency  a  second  sample 
of  the  mineral  was  heated  over  a  blast  lamp  in  a  closed  dass 
tube  when  water  was  given  off  in  perceptible  quantities.  The 
H3O  in  the  analysis  was  determined  by  loss  of  weight  on 
in  a  current  of  CO 3  gas  to  prevent  oxidatioa    A 
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second  sample  was  ignited  in  a  closed  crucible  without  CO ^  gas 
and  gave  almost  the  same  result,  1'71  per  cent.  In  this  sample 
the  FeO  was  determined,  after  solution  in  hydrofluoric  and 
sulphuric  acids,  and  after  reduction  the  total  iron.  As  the 
mineral  after  such  strong  ignition  was  only  slowly  acted  on  by 
the  hydrofluoric  acid  and  in  the  experiment  only  partially 
dissolved,  the  results  were  not  thoroughly  satisfactory  but  they 
proved  conclusively  that  the  FeO  had  only  been  oxidized  to  a 
trifling  extent  and  the  loss  on  ignition  will  represent  therefore 
very  nearly  the  exact  percentage  of  HgO.  That  the  tendency 
of  FeO,  in  tiiis  combination,  to  oxidize  is  not  very  great  is  more- 
over proved  by  the  fact  that  repeated  ignition  aid  not  yield 
any  increase  in  weight.  That  the  HgO  is  an  essential  con- 
stituent of  the  mineral  and  is  not  the  result  of  alteration,  is 
proved  by  the  fact  that  it  is  very  firmly  united  to  the  molecule, 
requiring  an  intense  heat  to  drive  it  oflf,  and  moreover  it  is 
just  sufficient  to  bring  the  ratio  of  protoxides  to  silica  =1:1. 
The  transparency  of  the  crystals  would  moreover  prove  that 
the  material  which  was  analyzed  was  very  pure  and  had  not 
suffered  any  alteration. 

Mineralogical  Laboratory.  Sheffield  Scientific  School 
New  Haven,  May,  1890. 


Art.  LI. — Preglacial  Drainage  and  Recent  Geological 
History  of  Western  Pennsylvania  ;  by  P.  Max  Foshay, 
M.S.,  F.G.S.A. 

The  investigation  into  the  preglacial  drainage  of  Western 
Pennsylvania,  of  which  this  paper  is  a  partial  record,  was  pri- 
marily incited  by  a  suggestion  thrown  out  by  Professor  J.  W. 
Spencer,  in  a  paper  read  before  the  Am.  Phil.  Soc,  March  18, 
1881.  Professor  Spencer  there  advanced  the  hypothesis  that 
the  Beaver  River,  with  part  of  the  Ohio,  had  in  preglacial 
times  constituted  a  stream  which  flowed  up  the  modem  Mahon- 
ing through  its  now  buried  channel  into  the  Erigan  River 
[Spencer)  which  then  traversed  the  basin  of  Lake  Erie.  This 
stream,  now  become  parts  of  several  modern  rivers,  I  have 
uamed  Spencer  River  in  honor  of  the  investigator  who  lirst 
suggested  its  existence  and  to  whom  is  due  so  large  a  pro- 
portion of  our  present  knowledge  of  the  preglacial  drainage 
of  the  region  of  the  Great  Lakes.  Spencer  River  drained  an 
area  nearly  co-extensive  with  that  of  the  Pennsylvania  portion 
of  the  modern  Ohio  with  its  tributaries,  including  the  basin 
of  the  Monongahela  and  part  of  that  of  the  Allegheny,  thus 


I 
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carrying  off  the  rainfall  of  almost  all  Western  Pennsylvania 
and  Eastern  Ohio. 

The  preglacial  drainage  of  Northwestern  Pennsylvania  and 
Western  New  York  was  long  since  thoroughly  worked  out  by 
Professor  John  F.  Carll,  who  was  the  pioneer  in  this  field.  In 
the  course  of  his  survey  in  Northwestern  Pennsylvania  he  col- 
lected proof*  of  the  existence  of    at   least  two  northwardly 

MAP  OF  THE 
ANCIENT  DRAINAGE 

PPNNSVLVi 
MAX  f OSHAY 


flowing  preglacial  streams  which  drained  the  northern  part  of 
the  present  Allegheny  basin  and  debouched,  like  Spencer 
River,  into  the  Erigan  River.  The  Allegheny  River,  as  we 
now  know  it,  did  not  then  exist  but  was  formed  after  the 
glacial  episode,  during  which  time  the  mouths  of  the  ancient 
northwardly  flowing  streams  had  been  blocked  up.  This 
blocking  up  of    the  ancient  drainage    forced  the  post-glacial 

♦  Report  III.  Second  Geological  Survey  of  Pennsylvania,  pp.  330-366.    John 
F.  Carll,  Harrisburg.     1880. 
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rivers  to  overflow  to  the  south  and  cut  down  their  divides, 
rhey  united  to  form  the  modern  Allegheny  River  and  thus  we 
bave  the  phenomenon  of  reversed  drainage  in  the  upper  Alle- 
gheny region.  The  story  of  the  Beaver  valley  is  to  be  told 
in  much  the  same  words,  but  Professor  Carll — not  having 
3xamined  the  region — did  not  see  as  clearly  as  Professor 
Spencer  the  former  drainage  of  this  part  of  the  State.  He 
jays,*  "I  strongly  suspect  that  Big  Beaver  River  is  a  glacial 
3nlargement  of  a  small  ancient  stream  formed  in  the  same 
manner  as  those  found  in  the  summit  basins  and  that  anterior 
to  the  Ice  Age  the  Shenango  and  other  headwater  streams  of 
the  Beaver,  including  the  Connoquenessiug,  delivered  north- 
wardly through  the  Mahoning  and  Grand  Rivers  into  Lake 

Erie  basin "     If  he  had  placed  the  ancient  divide,  cut 

through  during  the  Glacial  Epoch,  in  the  present  Ohio  valley 
somewhere  between  the  moutn  of  the  Little  Beaver  and  Wells- 
burg,  W.  Va.,  instead  of  placing  it  in  the  Beaver  valley,  he 
would  have  been  correct,  as  will  be  seen  below. 

The  evidence  that  Spencer  River,  whose  bed  is  now  buried 
beneath  many  feet  of  drift  materials,  once  flowed  northwardly 
is  to  be  found  in  a  very  complete  series  of  measurements  of 
the  depth  of  the  drift  tilling  taken  from  the  records  of  oil  and 
5as  wells  drilled  in  the  valleys  during  recent  years.  In  the 
^ble  below  I  give  only  maximum  depths  ^t  not  too  frequent 
intervals  but  it  must  be  understood  that  there  is  hardly  a  mile 
)f  the  distance  covered  in  which  there  are  not  one  or  more 
-ecords  showing  the  presence  of  the  old  channel. 


Diet,  from 
Pittsburgh. 

Place. 

Low  Water. 
A.T. 

Depth  of 
Filling. 

Old  Floor. 
A.  T. 

1. 

3. 
3. 
4. 

'        10- 
19- 
25-2 

Pittsburg. 
Coraopolis. 
Aliquippa. 
Beaver. 

1 

699  ft. 

? 
677  ft. 
670  ft. 

44  ft.  t 
50  ft. 
60  ft. 
+  60  ft.l 

665  ft. 

? 
617  ft. 
-610  ft 

6. 

1       29-8 

Benver  Falls. 

700  ft. 

+  100ft.| 

—  600  ft. 

6. 

46-8 

Lawrence  June. 

760  ft. 

+  150ft.|_ 

-610  ft. 

7. 

,       61-4 

Edenburg. 

780  ft. 

200  air 

580  ft. 

The  figures  in  the  fifth  column  of  the  table  it  will  be  seen 
lemonstrate  a  progressive  deepening  of  the  drift  filling  as  we 
fo  northward  and  when  reduced  to  tide-level  prove  that  the 
>ld  floor  at  present  dips  slightly  to  the  north. 

•  Report  III,  Sec.  Geol.  Survey  Pa.,  p.  392 — footnote. 

t  An.  Rep.  Pa.  Survey  1886,  Pt.  II,  p.  730.    Jones  &  Laughlin,  Nos.  1  and  2. 
1  Rep.  Q,  Pa,  Survey,  I.  C.  White,  1878,  p.  14. 
6  Rep.  Q,  Pa.  Survey,  I.  C.  White,  1878,  p.  15. 

I  Rep.  Q,  Pa.  Survey,  I.  C.  White,  1878,  p.  16,  quoted  from  Dr.  J.  S.  Newberry 
1  Geology  of  Ohio. 
1[Rep.  QQ,  Pa.  Survey,  I.  C.  White,  1879,  pp.  19,  184,  202. 
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The  elevation  of  No.  6  at  the  conflaenoe  of  the  Mahonine  \ 
and  Shenango  does  not  constitnte  an  exception  as  the  wm 
from  which  the  record  was  taken  went  150  feet  through  drift 
and  not  having  reached  rock  was  abandoned.  There  is  thus  t 
total  fall  of  75  feet  in  the  51*4  miles  covered  by  the  table, 
reaching  down  to  an  elevation  of  onlj  eight  feet  above  the 
present  surface  of  Lake  Erie. 

The  fact  of  a  post-glacial  elevation  of  the  northern  part  of 
the  continent  is  now  well  established.  The  differential  aplift 
shown  in  the  younger  beaches  about  the  overlapping  ends  of 
Lake  Erie  and  Lake  Ontario  is  about  two  feet  per  mile.*  Mr. 
McGee's  survey  of  the  rise  of  the  older  Colombian  drift  forma- 
tion woald  make  the  Pleistocene  and  recent  deformation 
amount  to  about  three  feet  per  mile.  Adding  this  dip  to  the 
present  profile  of  the  floor  of  Spencer  liiver  we  obtain  an 
abundant  northward  fall  of  the  old  bed.  Well  records  at 
Niles,  O.,  show  the  presence  of  the  old  channel  at  that  point 
A  few  miles  north  oi  this  point  the  country  falls  away  towardi 
Lake  Erie  and  a  number  oi  country  wells  give  depths  of  drift 
filling  almost  sufficient  to  prove  the  fall  of  the  old  bed  far  into 
Grand  River  basin.  In  addition  to  this  the  Grand  Biver  of 
Ohio,  along  with  the  other  Ohio  Rivers,  was  shown  by  Dr. 
Newberry's  survey  to  have  a  buried  channel  amply  deep  to  be 
a  continuation  of  Spencer  River.f 

The  accorapanyiuff  figure  (fig.  1) 
shows  in  dotted  line  the  outcrop  of  the 
hard  Conglomerate  Series  as  drawn  on 
Orton's  geological  map  of  Ohio.  The 
remarkable  embayment  in  this  out- 
crop, heading  at  Youngstown,  0^ 
furnishes  strong  presumptive  evi- 
dence of  the  existence  of  a  reversed 
drainage  in  this  locality.  The  Ma- 
honing River  after  coming  into  the 
bay  at  its  side  and  flowing  some  miles  in  the  normal  direction 
makes  a  sadden  bend  and  flows  at  right  angles  to  its  former 
course  towards  the  head  of  the  embayment.  The  great  amoant 
and  peculiar  form  of  erosion  which  the  Conglomerate  Series 
has  suffered  in  the  formation  of  this  embayment  could  only 
have  been  accomplished  by  a  stream  flowing  northwardly 
through  the  bay  in  a  now  deeply  buried  channel,  i.  e.  Spencer 
River. 

Even  disregarding  the  northward  Pleistocene  elevation  the 
only  other  possible  outlet  for  Spencer  River  is  through  the 

♦The  Iroquois  Beach;  by  J.  W.  Spencer.    Trane.  R07.  Soa  Can.,  1889,  p. 
128. 
t  Geology  of  Ohio,  vol.  ii,  p.  199. 
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valley  now  occupied  by  the  Ohio  below  its  point  of  meeting 
with  the  Beaver.  That  this  could  not  have  been  the  outlet  is 
proved  by  the  following  facts : — at  Smith's  Ferry,  on  the  Penn- 
sylvania Ohio  State  line,  two  favorably  situated  measurements 
^ve  a  maximum  depth  of  drift  filling  of  30  feet*  and  at 
Stenbenville,  O.,  the  channel  could  not  possibly  have  been 
ieep  enough  to  drain  Spencer  River.f  The  conclusion  is  thus 
Enade  imperative,  independent  of  the  northward  crust  move- 
ments, that  this  area  must  have  drained  northwardly  into  the 
Erie  basin.  This  ancient  basin  would  then  inclijde  the  areas 
now  drained  by  the  Lower  Allegheny,  Clarion,  Redbank, 
Mahoning,  Conemaugh,  Youghiogheny,  Cheat,  Monongahela 
and  Little  Beaver  Rivers.  The  Monongahela  and  Allegheny 
are  both  known  to  have  buried  valleys,  the  formeri  as  far  as 
its  junction  with  the  Youghiogheny  and  the  latter^  to  some- 
where north  of  Parker. 

The  topography  of  the    ^ -—   '*^ • 

Beaver  Valley  is  shown  ^^^ ^ "^^^""^ 

in    fig.   2,   which   is   an  jfm^ 

ideal     cross-section.       It  ^t0 

consists  first   of    an    old       .  p    , , ,  «« i«^oi  r.ioin 

,         ,        ,         ,   .  ,  .  -rj         Ao,  Old  base-level  plain. 

base-level      piam       (AJ3)       CD,  outer  or  rock  gorge. 

bounded    on    either    side       EF,  inner  or  drift  gorge. 

by  slopes  rising  slowly  to     .^he  shaded  portion  represents  the  drift  flUing 

./    ,     *^  "I     f  fi,    f  ui    1      J    o^  **^®  ^^^  r^^  gorge  with  its  terraces  of  erosion. 

which  is  the  basis  of  the  topography  of  the  region  ;  of  a  rock 
gorge  (CD)  extending  from  800  to  350  feet  below  the  level 
of  the  plain,  which  is  completely  filled  with  drift  for  the  lower 
100  feet  and  partially  for  the  next  125  feet;  and  of  an  inner 
gorge  (EF)  in  the  drift  whose  excavation  by  the  modern 
river  gave  us  the  drift  terrace  system. 

The  old  base-level  plain  has  more  frequently  been  called  the 
"  fourth  terrace,"  though  it  was  known  to  have  no  connection 
with  the  other  terraces.  It  is  a  mile  or  more  in  width  and  is 
covered  in  all  places  south  of  the  terminal  moraine  by  a  deposit 
consisting  of  white  or  yellowish  clay,  of  variable  thickness  up 
to  ten  feet,  which  in  places  contains  intermingled  pebbles  of 
northern  drift,  and  frequently  has  sand  or  gravel  above  or 
below  it,  or  both.  The  maximum  observed  thickness  of  the 
whole  deposit  is  twenty  feet.  This  clay  deposit  is  very  con- 
stant wherever  the  old  base-level  plain — a  mere  bench  often — 
is  found.  The  plain  has  in  all  places,  south  of  the  moraine,  a 
rocky  scarp  on  its  river  side  and  is  always  (in  the  Ohio  and 

♦  Report  QQ,  I.  C.  White,  Sec.  Geol.  Survey  Pa.,  1879,  p.  16. 

t  Report  QQ,  1.  C.  White.  Sec.  Geol.  Survey  Pa.,  1879,  p.  17. 

X  Report  K,  Sec.  Geol.  Survey  Pa.,  J.  J.  Stevenson,  1876,  p.  20. 

§  Report  V,  Sec.  Geol.  Survey  Pa.,  H.  M.  Chance,  1879,  ix,  x  and  19. 
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lower  Beaver  valleys)  at  a  higher  elevation  than  any  of  the 
Pleistocene  terraces.  It  is  most  marked  in  the  Beaver  valley 
on  account  of  its  being  formed  for  the  most  part  from  the 
more  resisting  rocks  of  the  Conglomerate  Series,  but  it  is 
easily  made  out  in  the  Ohio  valley  from  Pittsburg  to  Beaver 
and  also  far  up  the  Allegheny  and  Monongaheia  valleys. 
South  of  Beaver,  on  the  Ohio,  it  has  not  been  observed.  Aficend- 
ing  the  Beaver  the  plain  falls  from  915  feet  A.  T.  at  Beaver 
Falls  to  890  feet  A.  T.  at  the  mouth  of  the  Connoquenessing— 
a  distance  of  ten  miles.  There  can  be  no  doubt  that  this  was 
once  the  bed  of  an  ancient  river  at  a  time  long  anterior  to  the 
First  Glacial  epoch,  and,  from  its  northward  fall,  the  stream 
must  have  flowed  in  that  direction.  The  plain  thus  indicates 
a  long  epoch,, when  the  preglacial  drainage  nad  not  yet  cut  the 
deep  caiions  which  marked  the  topography  of  the  later  Ter- 
tiary period.  The  clayey  deposit  over  the  plain  belongs  to  a 
Pleistocene  epoch  antedating  that  during  which  the  terminal 
moraine  was  formed  as  it  seems  to  pass l>eneath  the  moraine 
with  its  kames  at  the  point  of  contact  It  seems  to  record  an 
episode  when  the  continent  was  lower  than  now.  Possibly  it 
may  be  contemporaneous  with  McGee's  Columbia  formation  (?) 

Follow^ing  the  period  of  the  base-level  plain  came  long  ages 
of  high  continental  elevation — higher  than  the  present— dur- 
ing which  all  the  streams  of  Western  Pennsylvania  cut  chan- 
nels far  below  their  present  beds.  This  epoch  (Pliocene  ?)  was 
either  one  of  slight  precipitation  or  of  comparatively  short 
duration  as  none  of  the  tributary  streams  reached  a  base-level 
of  erosion  but  were  flowing  through  V-shaped  caiions  of  rather 
rapid  fall  when  the  period  of  the  terminal  moraine  with  its 
subsidence  filled  all  these  old  channels  with  drift  to  nearly  the 
level  of  the  old  base-level  plain.  During  all  the  foregoing 
time  Spencer  River  had  drained  the  region  in  question,  its 
waters  delivering  into  the  Erie  basin.  After  the  deposit  of  the 
drift  in  the  valleys  of  Pennsylvania  a  divide  was  formed 
across  the  old  channel  of  Spencer  River  at  Orwell,  O.,  and  the 
drainage  of  the  region  became  for  the  most  part  reversed— 
the  waters  now  finding  their  way  into  the  lower  Ohio  and 
thence  to  the  Mississippi. 

The  northern  elevation  of  the  continent  so  thoroughlv 
worked  out  by  Gilbert  and  Spencer  in  New  York  and  Ontario 
occurred  at  this  same  time  and  so  confirmed  the  region  in  its 
drainage  to  the  south.  The  modern  rivers  now  began  eroding 
their  beds  of  drift  and  are  still  at  work.  That  this  process  has 
gone  on  uninterriii>tedly  for  a  long  perioil  of  time  is  shown  by 
the  fact  that  many  of  the  tributaries  of  the  Beaver  and  Ohio 
have  flat  tlood  plains,  underlaid  by  the  buried  channels  of  the 
former  drainage  level,  extending  two  miles  or  more  back  from 
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e  river.  There  is  every  indication  however  of  a  very  modem 
ovation  (4rOzt  feet)  of  the  region,  accompanied  by  a  rapid 
lepening  of  the  main  channels  of  drainage,  in  the  fact  that 
^e  trioutaries  have  but  recently  begun  eroding  their  beds 
tar  their  mouths.  This  process  has  in  no  case  extended  more 
an  one  fourth  mile.  In  thus  eroding  their  beds  the  streams 
DQany  cases  have  deepened  their  channels  in  lines  which  do 
it  correspond  with  their  buried  channels  but  lie  to  one  side 
the  other ;  and  so  we  find  them  running  over  ledges  of  rock 
»r  their  mouths,  which  has  led  many  observers  to  the  conclu- 
m  that  the  tributaries  could  not  flow  over  buried  channels. 
I  all  cases  that  I  have  examined,  however,  I  have  found 
"ong  evidence  of  the  existence  of  such  channels — of  which 
ere  is  positive  proof  in  many  wells  and  excavations. 

Beaver  Falls,  Pa.,  August  9,  1890. 


RT.   LI  I. — On  the  so-called  Perof skite  from  Magnet  Cove^ 

Arkansas ;  by  F.  W.  Mar. 

In  1877,  it  was  shown  by  Knop,*  that  the  supposed  perof- 
ite  of  the  Kaiserstuhl,  contained  besides  titanium  a  consider- 
Je  amount  (23  p.  c.)  of  niobium  and  tantalum,  and  he  accord- 
gly  made  it  an  independent  species  and  named  it  very  appro- 
lately  Dysanalyte.  The  analysis  of  the  similar  mineral  from 
Bgnet  Cove,  Arkansas,  the  results  of  which  are  given  below, 
OW8  that  it  is  also  distinct  from  perofskite  and  is  to  be  classed 
ith  dysanalyte.  For  the  material  for  analysis  1  am  indebted 
the  kindness  of  Professor  E.  S.  Dana. 

The  method  of  analysis  was  as  follows :  0*500  gram,  of  the 
ref ully  selected  mineral  were  placed  with  about  1 5cm'  of  con- 
ntrated  sulphuric  acid  in  a  platinum  crucible  of  150cm'  capa- 
ty  and,  the  whole  being  covered  with  a  watch-glass  that  tne 
•ogress  of  the  decomposition  might  be  easily  observed,  boiled 
•r  ten  or  fifteen  minutes.  The  cooled  product  was  poured 
to  600  or  700  cm'  of  cold  water  and  allowed  to  stand  over 
ght  or  until  the  calcium  sulphate  was  completely  dissolved. 
.  small  residue  was  usually  found  and  this  was  put  through 
le  same  process.  Any  final  residue  is  silica  and  sometimes 
little  tantalum  or  niobium  oxide.  The  former  was  deter- 
ined  by  evaporation  with  sulphuric  and  hydrofluoric  acids 
id  the  remaining  oxide  was  adaed  to  the  main  oxides. 

♦  Zeitschr.  fur  Kryst,  i,  284,  1877. 
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The  solution  of  the  mineral  was  then  made  slightly  alkaline 
with  ammonia  and  the  precipitated  earth  filtered  oflL  The 
lime  was  thrown  out  oi  the  concentrated  filtrate  as  oxakte 
and  after  evaporation  and  volatilization  of  ammonia  salts,  mag- 
nesia was  determined  in  the  residue.  Alkalies  should  be  found 
at  this  point  if  present.     There  were  none. 

The  weighed  earths  obtained  as  above  were  fused  in  sodinm 
carbonate,  enough  sulphuric  acid  added  to  the  mass  to  bring 
about  a  bisulphate  fusion  and  then  enough  more  to  keep  the 
whole  in  the  liquid  condition  even  when  cold.    After  cooling,  the 
mass  was  poured  ii^to  800  cm'  of  cold  water  containing  1  grm. 
of  tartaric  acid  and  after  separating  the  iron,  in  alkahne  solo- 
tion,  by  hydric  sulphide,  the  titanium,  with  which  go  the  nio- 
bium and  tantalum,  were  separated  by  the  acetic  acid  process  of 
Professor  Gooch.*     The  greater  part  of   the  manganese  wib 
separated  by  an  ordinary  acetate  process  and  the  acid  oxides  bj 
the  strong  acetate  process.     On  neutralizing  the  filtrate  from 
this  last  with  ammonia  and  boiling,  only  a  trace  of  some  earth 
was  found,  showing  absence  of  alumina.      The  titanium  was 
separated  from  the  weighed  oxides  by  Knop's  chlorinating  pro- 
cess, and  finally  the  niobium  was  determined  in  the  mixture 
of  niobium  and  tantalum  oxides  by  reduction  in  hydrochloric 
acid  and  titration  with   permanganate  after  T.  B.  OsborneLf 
Only  a  trace  of  titanium  was  found  in  the  niobium  and  tanta- 
lum  oxides  by  the  Osborne  process  with  hydrogen  })eroxi(Ies, 
and  tlie  titanium  re-estimated  by  the  same  process  gave  practi- 
cally the  same  result  as  before. 

A  j)ortioii  of  the  oxides  having  been  lost  during  the  opera- 
tion, having  gone,  as  it  appeared,  with  the  manganese  used  to 
decompose  the  tartaric  acid,  another  portion  of  mineral  was 
treated  in  the  same  manner  as  far  as  this  point,  and  the  tartaric 
acid  was  destroyed  by  evaporation  in  platiimm  and  ignition. 
No  aluminum  having  been  found,  the  titanium,  tantalum  and 
nio]»inni  oxides  were  sei)arated  by  boiling  with  dilute  sulphuric 
aeid.  Uy  evaporation  of  this  filtrate  a  quantity  of  earths  was 
obtained.  To  this  was  added  anotlier  portion  separated  bv 
ammonia  from  the  filtrate  (in  the  same  portion  of  mineral) 
after  separation  of  lime,  evaporation  and  ignition  and  solution 
in  hydrochloric  acid,  and  before  the  precipitation  of  the  mag- 
nesia by  mierocosmic  salt.  The  combined  earths  were  pre- 
cipitated in  a  slightly  aeid  solution  by  oxalic  acid  in  order  to 
sei)arate  from  any  uranium,  the  cerium  and  yttrium  groups 
separated  by  the  sodium  sulphate  process  and  each  precipitated 
again  as  oxalate  and  weighed  as  oxide.  As  appears  the  main 
portion  of  the  rarer  earths  belongs  to  the  yttrium  group. 

♦  Proceedings  Amer.  Acad,  of  Arts  and  Sci.,  N.  S.,  vol.  xii,  p.  435. 
f  This  Journal,  vol.  xxx,  p.  329. 
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An  attempt  was  made  to  take  the  atomic  weight,  but  the 
result  obtained,  190,  is  probably  too  high,  the  color  showing 
diat  part  of  the  sulphate  was  changed  to  a  basic  salt.  This, 
dowever,  with  the  color  of  the  oxides,  a  reddish-brown,  and  the 
Fact  that  the  solutions  do  not  yield  an  absorption  spectrum, 
invests  that  a  chief  portion  of  the  earth  is  terbium  oxide. 

The  result  of  the  analysis  is  as  follows : 

Specific  gravity  =  4  18. 


Molec.  QaftDtiv. 

Ratio.  Katlo. 

3aO  33-22       -^       66  =    593/    .g,,„.«.  „    «     1-22     ' 

kCgO  0-74-      -^       40  =    018  f    6>lor23  x    2     1  22 

j  o-5or "  * 

?e,Ot  1    5-66       -f-     160  =  -035) 

[Yt,  Er,  Trj,0,     6-42       -*-     428  =    012}.    050  or  2  x    0       -300  J    =1 

[Ce,  La,Di]aO,       010       -t-     328  =   -003  ) 

febtOs  4-38       -^     268  =    016  [   .^^2,  ^r  1  x  10       '270  )    =^ 

T»,0.  5-08       -*-     444  =  -Oil  f    ^^^^^  ^  ^^"        ^^"  \    2-4 

TIO,  4412       -^       82  =  -638)     .,.    ,  ,.  ^    ,     ,.,.^^  )   =7 


=4 

1  52  or  3 


8iO,  0-08       -4-       60  =  -001 


99-53 


i    639  or  20    X    4     2*I6G 


In  conclusion  I  would  express  ray  thanks  to  Professor  Gooch 
of  the  Kent  Laboratory  for  the  valuable  advice  and  assistance 
freely  given  by  him  during  the  course  of  the  analysis. 

Kent  Laboratory,  Yale  University,  July,  1890. 


^.BT.   LIII. — Experiments  upon  the  Constitution  of  the  Nat- 
ural Silicates ;  by  F.  W.  Clarke  and  E.  A.  Schneider. 

[Continued  from  p.  312.] 

4.   The  Chlorite  group. 

In  this  interesting  but  very  obscure  group  of  minerals,  three 
ipecies  were  examined.  First,  the  dark-green,  broadly  foli- 
ated, mica-like  ripidolite  from  Westchester,  Pennsylvania. 
rhis  mineral  has  been  repeatedly  analyzed,  and  our  results 
infirm  the  older  data.  Second,  a  dark-green,  scaly-granular 
prochlorite,  found  in  excavating  the  water-works  tunnel  in 
Washington,  D.  C.  Third,  leuchtenbergite  from  the  Schis- 
shimsk  mine  near  Slatoust,  Siberia.  The  last  mineral  was 
kindly  sent  us  by  Mr.  A.  Losch  of  St.  Petersburg ;  but  it 
anfortunately  contained  inclusions  which  render  our  work 
apon  it  of  little  value.  The  prochlorite  was  examined  micro- 
Bcopically  by  Mr.  Lindgren  of  the  U.  S.  Geological  Survey, 
who  found  it  to  be  quite  homogeneous.      Analyses  as  f(»llows : 
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Ripidolite.  Prochlorite.      Leaohtenbergite. 

SiO,  29-87  2fi-40  82-27 

A1,0,  14-48  22-80  l«-05 

Cr,0,  1-56  

Fe,0,  5-52  2-86  4-26 

FeO  1-93  17-77  -28 

NiO  -17 

MnO                          -26                   

MgO  33-06  1909  29-75 

CaO                           6-21 

H,0  13-60  12-21  11-47 

F                               trace                  

100-19  100-38  100-29 

H^Oatl05°               -80  -38 

"        250^-300°  -96  -15  '21 

"        383°-412''  -49  -62 

"        498°-527''      -09 

"        red-heat  11-74  j  10-66  (  10-69 

"        white-heat  -42              |    -19 

Here  again  we  have  to  deal  with  water  which  is  plainly  consti- 
tutional. Hence  the  suggestion  put  forward  by  one  of  us  that 
the  chlorites  are  ebsentially  micas  plus  water  of  crystallization, 
must  be  abandoned.* 

Upon  treatment  with  dry  hydrochloric  acid  gas  at  383^-412°, 
tlie  tliree  minerals  differ  considerably.  The  times  of  heating 
and  the  bases  converted  into  chlorides  were  as  follows: 

Ripidolite.      Prochlorite.     Leuchtenbergite. 

Hours  heated 19  31  34 

MgO  removed T3'-46  1^4  ~6-29 

R,0,  removed 4*24  2*17  -42 

SiO,  removed -92  

In  a  second  experiment  with  the  ripidolite  58  hours  of  heat" 
ing  were  required  before  constant  weight  was  attained^  and 
13*36  per  cent  of  magnesia  plus  1*20  of  sesquioxides  were  ren- 
dered soluble.  In  a  third  experiment  the  heating  lasted  30 
hours,  and  the  percentages  of  MgO  and  R,0,  removed  were 
11 10  and  3*31  respectively.  Even  at  the  ordinary  temperature 
of  the  laboratory  ripidolite  was  decidedly  attacked  by  the 
gaseous  acid,  4:-i)6  MgO  and  3*43  R^O,  becoming  soluble.  In 
this  case  the  experiment  lasted  100  hours.  In  the  case 
of  the  prochlorite  the  result  obtained  is  of  very  doubtful 
significance.  In  a  mineral  containing  so  laree  a  proportion 
01  ferrous  iron,  secondary  reactions  due  to  oxidation  are  pofifli- 

*  Clarke,  "A  theory  of  the  mica  group,"  this  Journal,  Not.,  1889. 
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ble,  and  it  is  not  practicable  to  determine  exactly  what  changes 
have  taken  place  The  group  — Fe — OH  might  behave  like 
MgOH,  and  yet  subsequent  alteration  might  prevent  any  esti- 
mate of  the  extent  of  the  reaction. 

By  digestion  with  strong,  aqueous  hydrochloric  acid,  both 
ripidolite  and  prochlorite  were  completely  decomposed.  Leuch- 
tenbergite,  on  the  other  hand,  left  an  insoluble  residue,  resem- 
bling garnet,  which  was  originally  present  as  an  inclusion  in 
the  mineral.  All  of  these  minerals  decompose  with  aqueous 
icid  more  slowly  than  the  serpentines. 

By  sharp  ignition,  ripidolite  and  prochlorite  give  up  in  the 
free  state  small  quantities  of  silica,  which  are  determinable  by 
extraction  with  soda  solution.    The  percentages  were  as  follows : 

Ripidolite.  Prochloritp. 

SiO,  liberated 2-98  2-45 

These  quantities  represent  only  one-tenth  of  the  total  silica 
in  the  minerals,  and  have  no  evident  significance  in  a  discussion 
of  the  chemical  structure. 

Although  ripidolite  is  readily  decomposable  by  aqueous 
lydrochloric  acid,  it  appears  to  be  split  up  by  prolonged  igni- 
ion  into  a  soluble  and  an  insoluble  part.  A  weighed  quantity 
rf  the  mineral  was  heated  for  nine  nours  over  the  blast-lamp, 
md  then  dis^ested  for  three  days  with  hydrochloric  acid  of  sp. 
rr.  1*12.  'the  residue  amounted  to  48*47  per  cent  of  insoluble 
natter,  from  which  boiling  with  sodium  carbonate  solution  ex- 
racted  28*73  of  silica  belonging  to  the  decomposed  silicates. 
The  final  undissolved  residue,  19*74  per  cent,  was  analyzed; 
ind,  treated  as  an  independent  substance,  gave  as  follows : 

SiO, 6*32 

Sesquioxides 67*81 

MgO 26*67 

99*80 

[f  the  small  quantity  of  silica  here  found,  only  1*25  per  cent  of 
he  original  material,  be  neglected  as  non-essential,  the  remain- 
ler,  18*49  per  cent  of  the  ripidolite,  has  exactly  the  coinposi- 
ion  of  spinel.  Like  spinel  it  is  quite  insoluble,  and  in  all  rea- 
onable  probability  it  may  be  regarded  as  that  compound.  The 
:ormation  of  such  a  magnesian  aluminate,  Mg  Al^O^,  is  peculiarly 
raggestive  when  we  come  to  consider  the  structure  of  the  chlo- 
ites. 

Similar  experiments  with  the  prochlorite  gave  similar  but 
aot  identical  results.  After  long  ignition,  six  hours,  and  three 
iays*  digestion  with  hydrochloric  acid,  35*61  per  cent  of  residue 
remained,  of  which  18*16  per  cent  was  insoluble  in  carbonate 

Am.  Jouk.  Sci.— Third  Series,  Vol.  XL,  No.  239.— Nov.,  1890. 
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of  soda.  This  last  residue,  however,  was  rich  in  sflica,  and 
tiierefore  could  not  be  spinel.  The  reaction  deserves  fuirther 
study ;  but  the  oxidizability  of  the  iron  in  proohlorite  intro- 
duces elements  of  uncertainty  which  would  render  it  very  diffi- 
cult to  interpret  the  resulta 

In  the  case  of  the  leuchtenbergite,  little  else  was  done,  fij 
means  of  Thoulet's  solution  5*62  per  cent  of  a  yellowish  garnet 
were  separated  from  the  mineral,  which  accounts  for  pa^  bat 
not  all,  of  the  lime  found  in  the  analysis.  On  this  species  our 
results  are  of  little  value,  except  as  regards  the  character  of  the 
water  which  it  contains,  and  its  comparative  behavior  towards 
gaseous  HCL 

Now,  in  order  to  jdiscuss  the  f ormulce  of  the  three  chlorites, 
we  may  reject  as  adventitious  the  small  quantities  of  water 
given  up  at  or  below  300^  This  leaves  as  essential  water  in 
ripidolite,  prochlorite,  and  leuchtenbergite,  12*65,  11*26,  and- 
10*88  per  cent  respectively.  Usiuff  these  figures  for  water  the 
analyses  give  the  loUowing  molecular  ratios. 

Ripidolite.        Proehlorite.     LenohtenbeisteL 

SiO, -408  *428  -SaS 

R,0, 186  -241  -185 

RO -866  -727  -868       ' 

H,0 -708  -626  -604 

Hence  we  have  the  following  empirical  formulse : 

Ripidolite 19R,0„  86RO,  70H,O,  SOSiO, 

Prochlorite 24R,0^  73RO,  63H,0,  43SiO, 

Leuchtenbergite...   19R,0„  86RO,  60H,O,  64SiO, 

And  these,  reduced  to  an  orthosilicate  basis  become 

Ripidolite R'"„R", A^CSiOJ^O. 

Prochlorite R'"„R"„H„,(SiO J„0 

Leuchtenbergite R'"„R"„H,^(SiO  J„0 

This  excess  of  oxygen  over  the  orthosilicate  ratio  can  only 
be  interpreted  as  basic  bydroxyl;  whence  we  get 

HiHolite &S»»""i!JS'>-<^^»' 

Prochlorite R   „R  „      (SiO.)„(OH) 

Leuchtenbergite R"'„R",;EI„(SiO,)„(OH) 


IS 
111 
tl 


IfT 
tl 


The  last  of  these  formnlce  is  vitiated  by  the  fact  that  the 
mineral  analyzed  was  impure ;  a  fact  which  appears  in  the  low 
figure  for  the  hydroxyl,  which  garnet  does  not  contain.  Otlier- 
wise  it  is  clear  that  in  general  leuchtenbergite  and  ripidolite 
agree  quite  nearly  with  each  other.  The  question  now  to  be 
answered  is,  how  shall  the  hydroxyl  be  apportioned  between 
the  bases  ? 
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Taking  ripidolite  as  the  mineral  of  the  three  which  has  been 
most  completely  examined,  we  may  recall  that  two  concordant 
experiments  with  gaseous  hydrocnloric  acid  gave  13"36  and 
13'46  per  cent  of  removable  magnesia,  presumably  representing 
the  group  MgOH.  In  mean,  these  percentages  correspond  to 
84  atoms  of  magnesia.  Regarding  this  as  an  index  of  the 
MgOH  present,  we  may  combine  the  remainder  of  the 
hydroxyl  with  the  sesquioxides  to  form  the  univalent  group 
A1H,0„  and  the  ripidolite  formula  now  becomes  (A1H,0,)„ 
(MgOH),4R"„H,,(SiO^).j ;  with  three  oxygen  atoms  unac- 
counted for  and  negligible.  Generalizing  this  expression  we 
have 

or  almost  exactly,     R",(SiOj,R'^. 

This  is  an  olivine  formula,  with  half  of  the  R"  replaced  by 
R'y  and  is  strictly  comparable  with  the  formula  of  serpentine. 
It  will  be  remembered  that  von  Wartha*  some  time  ago  ad- 
vanced the  opinion  that  the  chlorites  and  serpentines  form  one 
continuous  series  of  minerals,  and  his  view  is  by  this  discussion 
curiously  supported.  Furthermore,  the  probable  juxtaposition 
^f  the  groups  AlHaO,  and  MgOH  in  ripidolite  accounts  in 
jreat  measure  for  the  apparent  formation  of  spinel  when  the 
oaineral  is  decomposed  by  heat. 

The  ratios  found  by  analysis  between  H,  MgOH,  and  A10,H^ 
indicate  that  ripidolite  is  probably  a  mixture  of  two  isomor- 
phous  molecules ;  and  the  observed  data  are  best  satisfied  by 
assuming  the  compounds  Mg,(SiOJ,(MgOH),H  and  Mg,(SiOj, 
(AlOjHjjH  in  equal  proportions.  For  a  mixture  of  these 
molecules  in  the  ratio  of  1:1,  the  composition  is  easily  calcu- 
lated ;  and  the  results  agree  well  with  the  analysis.  If,  in  the 
latter,  we  recalculate  the  ferric  and  chromic  oxides  to  their 
equivalent  in  alumina,  and  compute  the  ferrous  oxide  as  mag- 
nesia, reducing  the  summation  afterwards  to  100  per  cent,  we 
get  the  following  direct  comparison  between  analysis  and 
flieory : 

Found.  Theory. 

SiO  31-18  31-09 

A1,0,  19-87  19-82 

MgO  35-74  36-27 

H.O  13-21  12-82 


100-00  100-00 


A  closer  concordance  could  hardly  be  expected. 

For  prochlorite,  notwithstanding  the  uncertainty  as  to  the 
behavior  of  the  ferrous  iron,  similar  ratios  appear.     The  ex- 

*Groth'8  Zeitschrift,  xiii,  p.  71,  1887. 
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pression  R'",.R"„(SiO,),,(OH),„  reduces  to(AlH,0,)4.(R"OH)„ 
K''JSiO,)„ ;  in  wliicli  R"OH  is  mainly  Fe"OH  and  R''  is 
almost  entirely  Mg.  This,  generalized,  becomes  R''^,(SiOj„R'^ 
which  is  quite  nearly  the  olivine-serpentine  type  of  formula. 
A  mixture  of  such  molecules  in  which  R'  is  satisfied  bv 
MgOH,  FeOH,  and  A1H,0,  in  the  ratio  of  1:3:6;  would 
have  the  subjoined  composition  ;  which  is  comparable  directly 
with  the  results  of  analysis. 


Found.  Calculated. 

SiO.                             25-40  24-8S 

•80  ) 

•86  j 

FeO                          17-77  17-91 

McrO                         19-09  19-90 

H,'0,  essential          11-26  11  -94 


AljO  22  yj^  .  9«>'*i'7 


99-18  10000 

If  the  first  column  were  recalculated  to  100  per  cent,  with 
the  ferric  iron  reduced  to  its  equivalent  in  aluminum,  the 
agreement  would  be  even  closer.  In  brief,  prochlorite  seems 
to  have  a  constitution  strictly  analogous  to  that  of  ripidoHte; 
although,  on  account  of  its  high  proportion  of  ferrous  iron  it 
behaves  differently  towards  gaseous  hydrochloric  acid.  The 
leuchtenbergite  evidently  has  a  similar  structure ;  but  the  im- 
purities in  the  sample  analyzed  preclude  us  from  discussing 
this  species  more  in  detail.  Just  as  the  micas  are  derived  by 
substitution  from  normal  aluminum  salts,  so  the  chlorites  are 
derived  from»  normal  magnesium  silicates ;  and,  in  a  very  curi- 
ous way  the  two  series  seem  to  approach  each  other.  Thus  a 
compound  having  the  chloritic  formula  Mg,(SiO^),(A10,H,)H,, 
if  halved,  may  be  written  as  if  it  were  a  derivative  of  alu- 
minum ortliosilicate  analogous  to  some  of  the  more  basic 
hydromicas ;  and  the  close  physical  similarity  between  the 
two  groups  is  thus  remarkably  emphasized. 

5.    The  micas. 

In  tliis  group  only  three  examples  were  studied,  all  of  the 
magnci^ian  or  ferroinagnesian  class.  A.  Phlogopite  from  Bur- 
gess, Ontario.  The  ordinary,  slightly  brownish,  broadly  foli- 
ated mica,  somewhat  resembling  muscovite.  B.  Phlogopite 
from  Edwards,  8t.  Lawrence  County,  New  York.  The  pecu- 
liar, non-tiuoriferous  variety,  superficially  resembling  brucite, 
described  by  Pentield  and  Spcrry  ;  whose  analysis  is  thoroughly 
confirmed  by  ours.  C.  A  nearly  black,  broadly -foliated  iron 
mica  from  Port  Ilenry,  Xew  York.  Commonly  regarded  as 
a  lepidomelane.     Analyses  as  follows : 
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Burgess. 

Edwards. 

Port  Henry, 

SiO, 

39-66 

45-05 

34^52 

TiO, 
A1,0. 

•56 



2^70 

17^00 

11^26 

13^22 

Fo,0. 

•27 



7-80 

FeO 

•20 

•14 

22-27 

MdO 





•41 

(Co,Ni)0 

*  »  »  •• 

W      •■      M      w 

•30 

CaO 

none 



BaO 

•62 

«  *   •  « 

MgO 

26^49 

29-38 

5-82 

Li,0 

>     w     «    w 

•07 

•04 

Na,0 
K.6 

•60 

•45 

•16 

9-97 

8-52 

8-59 

H.0 

2^99 

5^37 

4^39 

F 

2^24 

_  _  _  ^ 

•34 

P.O. 

trace 



trace 

Less  O 


100^60 
•94 

99-66 


100-23 


100-54 
-14 

100-40 


The  fmctional  water  determinations  gave — 


Burgess. 

Edwards. 

Port  Henry. 

H,0  at  105** 

-66 



-57 

"           250*'-300° 

-35 

-73 

-45 

"         red-heat 

)    ,    ^o 

•73 

)      O     OK 

"         white-heat 

V  1-98 

3^91 

V  3-37 

In  all  the  analyses  of  this  investigation,  when  much  iron  was 
found,  the  total  water  was  determined  directly ;  so  that  the 
figures  for  the  higher  temperatures  do  not  represent  mere  loss 
on  ignition.  In  these  micas  the  percentages  of  constitutional 
water,  to  be  used  in  the  discussion  of  formulae,  are  1-98,  4-64, 
and  3-37  respectively. 

In  the  Burgess  phlogopite  numerous  inclusions  were  ob- 
served, consisting  of  slender  prisms,  and  at  our  request  these 
were  examined  microscopically  by  Mr.  Waldemar  Lindgren. 
The  mica,  according  to  his  examination,  is  made  up  of  *'  thin 
folise,  under  the  microscope  colorless,  dark  between  crossed 
nicols ;  interference  figure  apparently  a  cross,  not  separating 
into  hyperbolas;  seemingly  uniaxial,  but  with  better  instru- 
ments it  would  probably  be  found  to  be  biaxial  with  a  very 
small  axial  angle.  Shows  excellent  asterism,  caused  by  inter- 
positions arranged  in  three  directions  cutting  each  other  at  an 
angle  of  60°.  The  inclusions  are  prisms  of  a  strongly  refract- 
ing and  bi-refracting  mineral,  so  thin  as  to  show  brilliant 
Newton's  colors.      In  spite  of  the  very  small  thickness,  the 
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interference  colors  are  near  the  white  of  the  first  order.  Ex- 
tinction takes  place  strictly  parallel  to  the  prismatic  snrfaoe. 
Terminal  faces  ronnded,  or  nnec^nally  developed.  Bedde 
prisms  there  are  square  or  rhomboidal  folisB,  probably  of  the 
same  substance.  The  inclusions  were  first  observed  by  6. 
Bose  (Neues  Jahrbnch,  1863,  p.  91)  who  regarded  them  u 
kyanite.  Rosenbnsch  describes  them  again,  and  determines 
them  as  tourmaline  (Physiog.  der  Mineralien,  p.  486).  The 
prisms  certainly  correspond  well  in  their  optical  eharaeteristicB 
to  this  mineral.  Kyanite  and  apatite  are  excluded  from  among 
the  possibilities.  Probably,  in  spite  of  its  apparent  abundance 
the  mineral  is  but  a  very  small  fraction  of  tne  mica  snbstanoa 
At  Mr.  Lindgren's  suggestion  the  mica  was  carefully  tested 
for  boron,  but  none  was  found.  Hence  tourmaline,  if  present, 
must  be  in  exceedingly  small  quantitiea 

On  account  of  the  high  proportion  of  titanium  in  the  Port 
Henry  iron  mica,  this  too  was  examined  by  Mr.  Lindgren,  who 
reports  as  follows :  "  It  is  a  dark-brown,  unusually  deep  colored, 
apparently  uniaxial  biotite,  without  inclusions,  and  especiallj, 
as  far  as  examined,  free  from  any  titanium  mineral."  Hence 
the  titanium  is  to  be  regarded  as  a  constituent  of  the  mica  itself 

The  action  of  gaseous  hydrochloric  acid  upon  these  micas,  at 
388°-412^,  was  simost  insignificant    The  data  are  subjoined. 


Burgess. 

Edwards. 

Port  Henry 

Hours  heated  . 

12 

20 

33 

MgO  removed 

-40 

1-00 

trace 

K,0.        " 

none 

•21 

•44 

SiO, 

.......     .... 

•13 

.... 

In  the  case  of  the  Port  Henry  mica  some  iron  was  volatilized 
as  chloride.  This  was  estimated ;  and  it  was  found  that  the 
total  iron  taken  out,  reckoned  as  FeO,  amounted  to  only  1*62 
per  cent.  An  experiment  on  the  Edwards  plilogopite  at  498°- 
527°,  lasting  18  hours,  gave  1*41  per  cent  of  removable  mac- 
nesia.  This  quantity  has  a  possible  bearing  upon  the  formubi 
of  the  mineral. 

By  aqueous  hydrochloric  acid  all  three  of  the  micas  were 
completely  decomposed.  Hence  the  Burgess  phlogopite  could 
have  contained  little  tourmaline,  for  that  mineral  is  not  soluble 
in  the  acid.  Moreover,  the  solubility  of  the  micas  prevent* 
us  from  assuming  in  either  of  them  an  admixture  of  a  musoo- 
vite  molecule,  for  muscovite  also  is  insoluble.  A  careful  com- 
parison of  the  two  phlogopites  showed  that  the  fluoriferous 
variety  was  much  more  stable  towards  acids  than  the  rarer 
non-fluoriferous  mineral ;  a  fact  which  also  appears  in  the 
action  of  the  gaseous  acid  upon  them.     When  the  two  varieties 


Constitution  of  the  Natural  Silicates.  418 

• 

treated  side  by  side  with  hydrochloric  acid,  the  Edwards 
»gopite  decomposes  much  more  rapidly  than  the  Bnrgess 

L 

iter  very  prolonged  ignition  the  Edwards  phlogopite  and 
Port  Henry  iron  mica  were  still  completely  decomposable 
.qneons  hydrochloric  acid.  There  was,  therefore,  no  split- 
up  of  their  molecules  which  could  be  determined  by  this 
bod.  The  Burgess  phlogopite,  on  the  other  hand,  showed 
lall  amount  of  cliange.  Alter  eight  hours  of  ignition  over 
blast,  treatment  with  strong  hydrochloric  acid  for  three 
;,  and  subsequent  leaching  with  soda  solution  to  remove 
silica,  2*45  per  cent  of  insoluble  residue  remained.  This, 
yzed,  gave 

SiO, 30-94 

R,0 48-06 

MgO 19-01 

Alkalies undet. 


98-01 


\  agrees  quite  nearly  with  the  formula  MgAl,SiO„  which  is 
composition  of  a  possible  member  of  the  clintonite  group, 
ow  from  the  analyses  of  the  micas  we  get  the  subjoined 
3cular  ratios ;  in  which  titanic  oxide  is  thrown  in  with  the 
a,  the  alkalies  are  united  as  potash,  and  only  the  essential 
3r,  stable  above  300°,  is  retained. 

Burgess.  Edwards.  Port  Henry. 

SiO, -668  -761  -609 

R,0, -169  -110  -177 

RO.. -669  -736  -464 

K,0 -116  -098  -094 

H,0 -110  -268  -187 

F -118  -018 

ence  we  have  the  following  empirical  formute : 

urgess 17R,0,.  67RO  .  12K,0 .  11H,0.  67SiO,.  12F. 

iwards 11  R,0, .  74RO .  1 0K,0 .  26H,0  .  75SiO,. 

>rt  Henry..,   18R,0,.46RO.    9K,0. 19H,0.  6lSiO, .    2F. 

educting  oxygen  equivalent  to  the  fluorine  we  have — 

B«rge«8 R"'.,K'.,K„H„Si.,0,..F„. 

Edwards R"'„R'„K„H„Si,.0,„. 

Port  Henry R"..R'«K„H,.Si.,0,„F,. 

1  all  of  these  micas  the  silicon  and  oxygen  are  present  in 
)st  the  exact  orthosilicate  ratio ;  but  in  order  to  discuss  the 
•essions  further  it  is  necessary  to  recall  the  theory  of  the 
I  group  which  has  already  been  cited.     Upon  that  theory. 
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all  these  salts  should  be  substitution  derivatives  of  nonnal 
aluminum  orthosilicate,  from  which  the  more  definite  micas 
develop  as  follows : 

Normal  orthosilicate Al^(SiO J^^ 

Muscovite Al,(SiOj,KH^ 

Normal  biotite Al,(SiOJ,Mg,R',. 

Normal  phlogopite Al  (SiO J,Mg,R',. 

Applying  tliese  formute  to  the  expression  given  above  for 
the  Burgess  phlogopite,  and  regarding  the  fluorine  as  present 
in  a  group  — Mg — F,  we  have  for  the  composition  of  that 
mineral : 

Al(SiOj.Mg.KH,  +  Al.(SiO,).Mg.K(MgF), 

the  two  molecules  being  mixed  in  the  ratio  1:1.  Recalculat- 
ing the  original  analysis  to  100  per  cent,  uniting  TiO,  with 
SiO,,  Fe,0.  with  Al,6.,  FeO  and  BaO  with  MgO,  and  Na,0 
with  K,0,  we  have  this  comparison  : 

Found.  Calculated. 

SiO 41-04  4J09 

A1,0, 17-59  17-46 

MijO.... 27-39  27-39 

K,^0    10-62  10-73 

H,0. 2-03  2-07 

F 2-29  2-17 

1009G  100-91 

Less  oxygen '96  '91 

100-00  100-00 

The  results  for  the  non  fluoriferous  phlogopite  from  Edwards 
are  less  satisfactory.  Its  formula,  condensed  a  little  from  that 
given  above,  is 

U"„R'„R'„Si,.0,.„ 

in  which  the  ratio  between  R'"  and  Si  is  1  : 3-5  nearly.  But 
in  this  mica,  three  atoms  of  magnesia  are  removable  by  gaseons 
HCl,  corresponding  to  3MgOH.  If  we  assume  that  this  rep- 
resents a  small  admixture  of  a  foliated  serpentine,  and  deduct 
proportionally,  there  remains 


Al„MgJI„K„Si..O, 


6«) 


which  is  very  nearly  Al(Si04)3Mg2KH2i  or  normal  phlogopite. 
At  first,  as  the  mineral  occurs  in  a  talc  mine,  we  suspected 
that  its  anomalies  might  be  due  to  intermingled  talc;  but  its 
complete  decomposability  by  hydrochloric  acid  showed  that 
supposition  to  be  incorrect.     If  the  mica  theory  is  correct,  this 
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mineral  must  contain  a  small  amount  of  impurity ;  and  a  ser- 
pentinous  or  chloritic  molecule  is  the  most  probable  admixture. 
In  the  Port  Henry  mica  the  ratios  are  perfectly  simple. 
The  formula,  R'''a6R"4eKi8H88(Si04)6i05F2,  if  we  neglect  the 
small  amounts  of  fluorine  and  excessive  oxygen,  reduces  easily 
to  a  mixture  of  the  three  typical  molecules: 

Al,(SiO,).Fe%KH, 
Fe'",(SiOJ.Fe'KH, 
Al  (SiOJ.iVlg.l^H., 

in  the  ratio  2:1:1.     This  compares  well  with  the  analysis, 
reduced  as  usual,  thus : 

Found.  Calculated. 

SiO 37-02  37-41 

A1,0, 13-39  13-34 

Fe,0, 7-90  8-34 

FeO 22-56  22*51 

MgO 6-30  6-26 

K,0 9-08  9-79 

H,0 3-76  2-36 

100-00  100-00 

Here  the  theoretical  water  is  too  low  and  the  potash  too  high ; 
both  outside  the  allowable  range  of  error.  Their  reciprocal 
replacements  explain  the  slight  discordance  only  in  part ;  and 
the  nature  of  the  mineral  suggests  a  small  excess  of  water  due 
to  incipient  alteration.  Altogether  the  agreement  between 
analysis  and  theory  is  remarkably  close. 

[To  be  oonlinued.] 


SCIENTIFIC     INTELLIGENCE. 
I.    Chemistry  and  Physics. 

1.  On  an  improved  Vapor-density  Method, — The  method  pro- 
posed by  ScHALL  for  determining  vapor-density  depends  upon  a 
comparison  of  the  pressure  exerted  by  a  certain  known  amount 
of  gas  let  into  the  bulb  and  measured  under  normal  conditions, 
with  that  exerted  by  the  vapor  of  the  substance  itself  produced 
by  heating  this  bulb.  Originally  a  measured  volume  of  air  was 
passed  into  the  bulb ;  but  he  has  now  improved  the  method  by 
decomposing  a  weighed  quantity  of  pure  sodium  carbonate  within 
the  apparatus,  and  then  comparing  the  pressure  of  the  carbon  di- 
oxide evolved  with  that  of  the  vaporized  substance.  The  apparatus 
eonsists  of  a  long-necked  flask,  of  150  to  200cm*.  capacity,  liav- 
ing  a  lateral  tube  near  its  mouth.  This  flask  is  supported  within 
a  beaker  containing  the  heating  material,  by  a  cork  surrounding 
its  neck  and  resting  upon  a  plate  of  asbestos,  serving  as  a  cover. 
The  lateral  tube,  which  should  be  lOcra.  above  the  bulb,  is  con- 
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Dected  first  to  a  T  tube,  and  by  means  of  this  to  a  vertical  man- 
ometer tube  iBcm,  long  and  4  or  5mm.  in  diameter  standing  b 
mercury.     The  vertical  portion  of  the  T  tube  is  attached,  by » 
rubber  tube  furnished  with  a  pinch-cock,  to  the  evolution  tube 
This  tube  is  about  12mm.  wide  for  a  distance  of  5  or  6cm.  at  its 
lower  end,  and  is  drawn  out  at  the  upper  to  enter  the  rubber  tube. 
Its  lower  end  is  closed  by  a  rubber  cork.     The  neck  of  the  flask 
is  closed  above  by  a  rubber  tube  and  a  pinch  cock,  this  tube  being 
large  enough  to  contain  the  glass  tube  in  which  the  substance  to  be 
examined  is  placed.     In  making  an  experiment,  the  beaker,  stand- 
ing on  a  metal  plate  and  surrounded  with  the  upper  half  of  a 
somewhat  larger  beaker  serving  to  prevent  cooling  by  the  exter- 
nal  air,  is   heated    until   the    vapor  of  the  .heating   material— 
diphenylamine^  for  example — fills  about  two-thirds  of  its  volume. 
By   exhausting  the  air  through  the  rubber  tube  attached  to  the 
vertical  part  of  the  T,  the  mercury  is  raised  to  a  considerable 
height  in  the  manometer  tube,  the  pinch-cock  being  then  closed. 
If  the  apparatus  is  tight,  this  height  will  remain  constant.    The 
evolution  tube,  in   which  has  been  placed  the  sodium  carbonate 
contained  in  a  small  weighing  tube,  and  also  the  sulphuric  acid 
necessary  to  decompose  it,  is  then  attached  to  this   rubber  tube, 
the  pinch-cock  is  opened  and  the  height  of  the  mercury  in  the 
manometer  tube  is  marked  by  means  of  a  rubber  ring.    By  inclin- 
ing the  evolution  tube  the  acid  comes  in  contact  with  the  car- 
bonate and  evolves  carbon  dioxide,  which  depresses  the  mercury 
column  to  a  point  marked  with  a  second  ring.     The  pinch-cock . 
above  the  flask  is  now  opf^ned  and  the  substance  allowed  to  fall 
into  the  latter.     Its  vapor  produces  a  still  further  depression  of 
the  mercury,  its  level  being  marked   with  a  third  ring.     Calling 
the  position  of  the  first  ring  k^,  that  of  the  second  k^,  and  that  of 
the  third  k^,  and  taking  the  specific  gravity  of  carbon  dioxide  to 
be  1*529,  the  expression  for  the  vapor-density  D  becomes 

,^      s  k.—k. 

D=  -,X  3-682  X 


in  which  s  and  s  represent  the  mass  of  the  substance  and  of  the 

k  —k 
carbon  dioxide  respectively,  and  -p — j"  the  pressure-ratio    of  the 

carbon  dioxide  to  the  vapor.  If  s  be  made  equal  to  «'  so  that  the 
mass  of  the  sodium  carbonate  employed  is  equal  to   that  of  the 

k  —k 

substance,  then  the  simpler  expression  D  =  3'682Xt^ — -r   niay  be 

used,  it  being  necessary  only  to  determine  the  pressure-ratio  of 
the  vapor  to  that  of  the  carbon  dioxide  evolveu  from  the  same 
weight  of  sodium  carbonate.  Vapor-densities  of  benzoic  acid, 
napthalene,  phenol,  aniline,  nitrobenzene  and  benzene  determined 
in  this  way  are  given  whicii  are  quite  satisfactory. — JBer.  Berl 
Chern,  Ges.y  xxiii,  919,  Apr.,  1890;  «/".  Chem.  Soc.^  Iviii,  681,  July, 
1890.  G.  F.  B. 
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2.  On  an  improved  form   of    Grovels    Oas  Battery. — Mond 
and   Langeb  have  experimented  with  the  gas  battery  of  Orove 
with  a  view  of  utilizing  it  commercially.     In  its  improved  form 
it  consists  of  a  flat  porous  diaphragm  of  non-conducting  material 
having  transverse  metallic  strips  let  in  to  its  surface  at  intervals, 
aod  covered  on  both  sides  with  thin  platinum  foil  having  1,500  or 
more  perforations  per  square  centimeter,  this  foil  being  covered 
with  platinum  black.    Several  such  diaphragms  are  placed  together, 
with  non-conducting  frames  intervening  so  as  to  form  chambers, 
aod  immersed  in  dilute  sulphuric  acid.     A  current  of  air  is  passed 
through  one  set  of  these  chambers  and  a  current  of  hydrogen 
through  the  other  set  alternate  with  these,  so  that  one  side  of 
each  diaphragm  is   exposed  to  one  gas  only.     The  best  platinum 
lilack  for  this  purpose  was  obtained  by  reducing  a  boiling  alka- 
line solution  of  platinic  chloride  with  sodium  formate ;  an  elec- 
tromotive force  of  0*97  volt  being  thus  obtained.     In  practice  it 
w^as  found  preferable  to  work  the  battery  at  0*73  volt ;  in  which 
case  a  battery  having  700  sq.  cm.  of  active  surface,  covered   with 
0*35  gram  of  platinum  foil  and  one  gram  of  platinum  black  gives 
a  current  of  2  to  2*5  amperes.     It  was  observed  that  no  less  than 
half  the  energy  of  combustion  of  the  hydrogen  is  obtained  as 
electrical  energy.     No  material  advantage  i^esults  from  the  use  of 
pure  oxygen  and  hydrogen  over  that  of  air  and  water  gas,  the 
latter  obtained  by  passing  steam  over  red  hot  coke.     The  tem- 
perature should  be  maintained  constant  at  40°  by  regulating  the 
supply  of  air. — Proc.  Roy.  Soc,  xlvi,  296  ;  J.   Chein,  Soc.^  Iviii, 
841,  Aug.,  1890.  G.  F.  B. 

3.  On  the  formation  of  Hydrogen  Peroxide  from  Ether. — 
DuNSTAN  and  Dtmond  have  studied  the  conditions  under  which 
hydrogen  peroxide  is  formed  from  ether.  They  find  that  con- 
trary to  the  received  opinion,  no  hydrogen  peroxide  is  formed 
when  properly  purified  ether  is  exposed  to  light  under  ordi- 
nary atmospheric  conditions,  either  in  contact  with  air  or  water ; 
the  results  recorded  by  former  observers  having  been  due  appar- 
ently to  the  use  of  impure  ether  When  prepared  by  the  action 
of  sodium  ethoxide  in  excess  on  ethyl  iodide,  and  exposed  to  full 
daylight  for  five  months  and  to  the  electric  light  for  two  months 
for  three  hours  nightly,  the  ether  showed  no  reaction  with  potas- 
sium iodide,  hydriodic  acid  or  chromic  acid.  The  ether  produced 
by  the  action  of  sulphuric  acid  on  alcohol  and  purified  with  sul- 
phuric acid  and  potash,  however,  reacted  faintly  with  potassium 
iodide  and  decidedly  with  hydriodic  acid  but  not  with  chromic 
acid  ;  while  the  ether  prepared  from  methylated  spirit  and  exposed 
to  light  contained  a  considerable  amount  of  hydrogen  peroxide. 
The  authors  have  not  been  able  to  ascertain  the  nature  of  this  im- 
purity in  the  ether,  owing  to  its  minute  quantity.  The  impure 
ether  examined  by  them  which  was  richest  in  hydrogen  peroxide 
contained  only  0*04  per  cent  of  this  substance,  although  it  had 
been  for  many  years  exposed  to  the  light.  The  authors  find, 
however,  that  ether  absorbs  the  entire  molecule  of  ozone  prob- 
ably, as  turpentine  does,  and  on  shaking  the  ether  afterward  with 
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water  the  latter  gave  with  'chromic  acid  the  characteristic  blae 
color  due  to  hydrogen  peroxide.  Moreover,  they  have  proTed 
further  that  the  slow  combustion  of  ether  in  presence  of  water 
produces  hydrogen  peroxide.  A  convenient  apparatas  for  the 
purpose  consists  of  a  large  flask,  containing  enough  ether  to 
cover  the  bottom,  mixed  with  an  equal  quantity  of  water,  and  oon- 
nected  with  a  wash  bottle  containing  cold  water.  Through  the 
cork  of  the  flask  a  wide  tube  passes,  open  at  both  ends,  andalsoi 
spiral  of  stout  platinum  wire  and  a  tube  bent  at  right  anglei 
which  joins  it  to  the  wash  bottle.  By  an  aspirator  conuecicd 
with  this  bottle,  air  is  drawn  into  the  flask  by  the  wide  tabe. 
Upon  heating  the  spiral  to  redness  and  plunging  it  into  the  flaak, 
the  current  of  air  may  be  so  regulated  as  to  maintain  the  spiral 
at  a  low  red  heat.  Hydrogen  peroxide  is  continaously  formed, 
the  flask  being  from  time  to  time  shaken,  the  ether  forming  a 
peroxidized  product  which  is  decomposed  by  the  water  ph>daciDg 
hydrogen  peroxide  which  is  dissolved  in  this  water. — J,  Chem. 
Soc,  Ivii,  574,  June,  1890.  o.  F.  a 

4.  On  the  action  of  Carbon  monoxide  upon  MetcUlic  Niekd.— 
MoND,  Lanoer  and  F.  Quincke  have  observed  that  when  carbon 
monoxide  is  passed  over  finely  divided  metallic  nickel  between 
350°  and  450®  carbon  dioxide  is  evolved  and  a  black  powder  ooo- 
taining  a  varying  profiortion  of  carbon  and  nickel  is  formed;  a 
small  quantity  ol  metal  being  able  to  decompose  a  large  quantitj 
of  carbon  monoxide.  A  sample  containing  85  per  cent  carbon 
and  15  per  cent  nickel,  when  treated  with  sulphuric  acid,  gave 
up  about  two-thirds  of  its  metal ;  the  remaining  carbon  being 
readily  attacked  by  steam,  even  at  350°,  yielding  hydrogen 
and  carbon  dioxide  only.  On  allowing  the  nickel  to  cool  while 
the  carbon  monoxide  was  passing  over  it,  it  was  noticed  that  the 
flame  of  a  Bunsen  burner  into  which  the  excess  of  gas  was  coo- 
ducted,  became  highly  luminous ;  and  on  heating  the  tube 
between  the  metal  and  the  outlet  a  brilliant  mirror  of  metallic 
nickel  was  deposited,  mixed  with  a  minute  quantity  of  carbon. 
Further  investigation  showed  that  when  finely  divided  nickel, 
obtaiiicMl  by  reducing  the  oxide  at  400°  by  hydrogen,  is  allowed 
to  cool  in  a  slow  stream  of  the  monoxide,  the  gas  is  very  readily 
absorbed  as  soon  as  the  trmperature  has  fallen  to  100®, and  a  gas 
is  obtained  which  the  authors  call  nickel-carbon-oxide,  in  araonot 
about  30  per  cent  of  the  escaping  gases.  This  gas  at  180"  is 
decomposed  into  metallic  nickel  and  carbon  monoxide  again; 
four  volumes  of  the  monoxide  beinoj  obtained  from  one  of  the  new 
gas.  Hence  it  has  the  composition  Ni(CO)^.  The  gas  is  not 
acted  on  by  alkalies  or  acids.  It  reduces  ammoniacal  solutions 
of  cuprous  chloride  and  silver  chloride.  Chlorine  decomposes  it 
with  formation  of  nickel  chloride  and  carbonyl  chloride.  When 
coole<l  in  a  freezing  mixture,  the  gas  condenses  to  a  colorless 
highly  refractive  mobile  liquid,  boiling  at  43°,  having  a  specific 
gravity  of  1-3185  at  17°  and  solidifying  at  —25°  in  needle  shaped 
crystals.  Since  neither  cobalt,  iron,  copper  or  platinum  forms  a 
simihar  compound,  nickel  may   be  readily  purified  in  this  way. 
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And  the  aathorK  find  that  nickel  thus  purified  has  an  atomic  mass 
of  68'58,  agreeing  well  with  that  of  Russell,  58-74. — J.  Chem. 
Soc,  Ivii,  749,  August,  1890.  G.  P.  B. 

6.  Waves  hi  air  produced  by  Projectiles, — Mach  and  Westzel 
employed  photography  to  study  the  waves  in  air  produced  by 
the  motion  of  projectiles.  In  passing  through  the  focus  of  a 
photographic  lens  the  projectile  caused  a  discharge  from  a  Ley- 
den  jar  placed  in  the  axis  of  the  lens,  at  a  distance  greater  than 
the  point  of  crossing  of  the  projectile.  The  illumination  produced 
by  the  spark  served  to  take  an  instantaneous  photograph  of  the 
passage  of  the  projectile.  The  photograph  showed  a  wave  of 
condensation  before  the  projectile  provided  that  its  velocity  was 
more  than  that  of  sound.  When  the  velocity  was  sufficient 
the  wave  which  preceded  the  ball  had  the  form  of  an  hy- 
perboloid,  ol  which  the  summit  was  in  advance  of  the  ball,  and 
the  axis  of  which  corresponded  to  the  direction  of  the  ball. 
There  were  also  traces  of  conical  waves,  of  which  the  axes  were 
also  in  the  line  of  fire  and  which  arose  at  the  base  of  the  ball. 
Some  traces  of  less  distant  waves  were  seen  upon  denser  points 
of  the  surface  of  the  ball.  AH  these  waves  made  a  less  angle 
with  the  axis  of  the  projectile  than  the  wave  in  front.  When 
the  velocity  was  augmented,  the  angles  made  by  the  waves 
with  the  line  of  fire  were  diminished.  When  the  greatest  veloci- 
ties were  attained,  the  space  behind  the  projectile  was  filled 
immediately  with  little  clouds,  there  was  no  trace  of  a  vacuum 
behind  the  ball  even  when  the  velocity  was  900  meters  per 
second.  The  waves  produced  in  the  air  by  the  projectile  at 
higher  velocities  than  that  of  sound  progress  more  rapidly  than 
those  due  to  feeble  velocities,  so  that  the  compression  in  front  of 
the  projectile  is  not  sufticient  to  be  depicted  upon  the  photograph 
under  the  form  of  waves. — Revue  Scientifique,  Sept.  13,  1890,  p. 
338. 

6.  E.  Mach  and  P.  Salcheb  have  extended  the  method  of  ob- 
servation employed  by  Mach  and  Wentzel  to  the  study  of 
streams  of  air  blown  from  various  orifices. — Ann,  der  Physik 
und  Chemie,  xli,  p.  144,  1890. 

E.  Mach  and  L.  Mach  have  also  employed  the  method  for 
Btadying  the  interference  of  sound  waves  of  great  excursion.— 
Ann,  der  Physik,  xli,  p.  141,  1890.  j.  t. 

7.  He'determiuation  of  the  Ohm. — Prof.  J.  V.  Jones  read  a 
paper  on  this  subject  at  the  late  meeting  of  the  British  Associa- 
tion at  Leeds.  He  reviewed  the  method  employed  by  Lorenz  and 
by  Lord  Rayleigh,  and  suggested  a  direct  determination  of  the 
mercury  unit  by  this  method,  instead  of  the  employment  of  solid 
conductors  by  the  shunt  method  and  afterwards  a  comparison 
with  a  mercury  unit.  He  points  out  "  if  the  artificial  B.  A.  unit 
can  be  dropped  out  of  one's  experiments  as  well  as  out  of  the 
results,  and  the  measurements  made  directly  on  mercury,  the 
simplicity  would  seem  to  be  a  recommendation,  and  the  argument 
is  perhaps  enforced  by  the  consideration  that  there  is  very  nearly 
as  much  divergence  in  the  results  of  different  observers  for  the 
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8p€cifio  resistance  of  mercury  in  B.  A.  units  as  there  is  in  the 
values  obtained  for  the  B.  A.  unit  in  absolute  measure."  The 
author  therefore  offered  the  following : — 

(1)  That  the  time  is  ripe  for  a  new  determination  of  the  ohm 
that  shall  be  final  for  tne  practical  purposes  of  the  electrical 
engineer. 

(2)  That  such  a  determination  can  be  made  by  the  method  of 
Lorenz,  the  specific  resistance  of  mercury  being  obtained  directly 
in  absolute  measure  by  the  clifferential  method  described. 

(3)  That  the  standard  coil  should  consist  of  a  single  layer  of 
wire,  the  coefficient  of  mutual  induction  of  the  coil  and  dwc» 
circumference  being  calculated  by  the  new  formula.  j.  t. 

8.  Alternating  versus  eontinuaus  currents  in  rekUian  to  the 
Human  body, — ^At  the  meeting  of  the  British  Association  held 
at  Leeds,  1890,  a  paper  was  presented  on  this  subject  by  E 
Nbtvman  Lawbenob  and  Abthub  Habbiics.  They  arrive  at  the 
following  conclusions  : 

A.  when  the  human  body,  with  the  skin  in  its  normal  on- 
moistened  condition,  comes  into  contact  for  an  appreciable  time 
with  base-metal  conductors  of  a  dynamo-generated  continiioiie 
current  passing  at  100  volts  in  such  a  way  that  the  cuirrot 
passes  from  hand  to  hand,  and  the  total  contact  area  is  aboat  90 
square  centimeters : 

(1)  A  current  of  about  O'OIO  Amperes  will  pass  through  it 

(2)  This  current  can  be  borne  without  discomfort  for  16  to  80 
seconds. 

(3)  After  about  30  seconds  unpleasant  burning  sensations 
become  marked  and  increase. 

(4)  The  subject  is  perfectly  able  to  release  himself  at  will 
during  any  portion  of  the  time  of  contact. 

B.  When  the  human  body  comes  in  contact  with  dynamo- 
generated  alternating  currents,  alternating  at  about  60  to  70  per 
second  under  the  same  conditions  as  above. 

(n  A  current  of  about  0*075  Amperes  will  pass  through  it. 

(2)  This  current  is  six  times  greater  than  that  which  produce* 
discomfort. 

(3)  Instantly  the  subject  is  fixed  by  violent  muscular  contraction 
and  suflfers  great  pain. 

(4)  The  subject  is  utterly  unable  to  release  himself,  but  remains 
exposed  to  tlie  full  vigor  of  all  the  current  that  may  be  pas8io|:. 

C. .  When  circuit  from  electric  light  or  power  conductors  is 
accidentally  completed  through  the  human  body,  the  danger  of 
serious  consequences  is  many  times  greater  when  alternating 
than  when  continuous  currents  are  passing  at  equal  voltage,  and 
this  is  still  to  a  large  extent  true  if  the  voltage  of  the  continaons 
current  be  double  that  of  the  alternating. 

D.  (1)  With  both  forms  of  current  a  reduction  of  contact  area 
materially  reduces  the  amount  of  current  strength  that  passes. 

(2)  With  the  alternating  current,  if  the  rate  of  alternation 
be  reduced  below  50  per  second,  the  sensations  of  pain  accom- 
panying muscular  fixation  will  be  increased,  while  if  the  rate  of 


Geoloffy  and  Natural  History.  421 

temation  be  increased,  the.pain  will  be  diminished.  The  authors 
ate  in  conclusion  that  mere  statements  in  regard  to  voltage 
laccompanied  by  statements  in  regard  to  current  are  highly 
isleading. — Electrical  Bemewj  Sept.  12,  1890.  j.  t. 

II.  Geology  and  Natural  History. 

1.  Phylogeny  of  the  Pelecypoda^  the  Aviculidce  and  their 
lies ;  by  Robert  Tracy  Jackson,  S.D.,  Mem.  Boston  Soc. 
at.  Hist.,  vol.  iv,  no.  viii,  pp.  277-400,  pi.  xxiii-xxix,  63  figures 
the  text,  July,  1 890. — Eacn  time  a  familiar  subject  is  studied 
cm  a  new  standpoint,  many  novel  and  interesting  results  may 
3  expected.  In  the  present  instance,  the  author  has  employed 
odern  and  approved  scientific  methods,  and  the  results,  while 
3tb  novel  and  interesting,  are  of  the  highest  importance  to  a 
roper  understanding  of  the  pelecypods.  The  leading  method 
hich  is  here  so  fully  applied  is  that  of  a  study  of  the  stages  of 
rowth.  The  embryology  and  anatomy  are  constantly  kept  in 
iew  and  also  the  chronological  history  of  each  group  in  past 
eologic  time.  If  all  these  aspects  of  growth  can  be  brought 
ito  harmony,  we  have  the  strongest  evidence  of  the  accuracy  of 
nr  observations,  and  most  reliable  taxonomic  data. 

Professor  Hyatt  in  his  studies  of  the  stages  of  growth  and 
ecline  among  the  cephalopods  has  constructed  a  model,  and 
idicated  methods  which  may  be  profitably  applied  to  all  branches 
f  natural  history.  These  principles  have  been  followed  by  the 
athor,  although  some  particulars  have  been  slightly  modified  in 
rder  to  adapt  them  directly  to  the  pelecypods.  A  new  term  is 
roposed  for  a  stage  of  growth  between  the  typembryo  of  Hyatt, 
hich  as  re-defined  is  characterized  in  mollusks  by  a  shell  gland 
ith  an  initial  plate-like  shell,  and  the  period  showing  a  completed 
potoconch.  This  intermediate  period  the  author  terms  the 
hylemhryonicy  or  that  in  which  the  shell  and  anatomy  are  each 
ifficiently  differentiated  to  determine  the  class  to  which  the 
rganism  belongs. 

The  important  discovery  of  the  characters  and  relations  of  the 
rval  or  embryonic  shell  named  the  prodissoconch  was  briefly 
jscribed  in  a  previous  paper  by  the  author,  but  is  here  fully 
eated  in  its  relations  and  significance  in  the  class.     Its  existence 

demonstrated  in  about  thirty  genera  belonging  to  widely 
ffering  families  of  pelecypods,  recent  and  fossil,  and  is  believed 
•  indicate  a  primitive  ancestral  condition  common  to  the  whole 
ass.  The  consideration  of  the  oyster  and  allied  forms  com- 
•ises  one  of  the  leading  features.  The  development  of  the 
limal  and  shell  is  described  and  illustrated  in  over  thirty  pages 
id  three  plates.  It  is  shown  that  the  ostreaform  shell  is  due  to 
ic  cemented  condition  of  fixation,  and  on  this  account  is  closely 
mulated  in  other  attached  shells,  in  genera  and  families  which 
•e  not  closely  genetically  related.  In  Pecten,  the  study  of  the 
ibits  and  anatomy  at  different  growth-stages  shows  the  mtimate 
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relationships  and  synchronous  variations  between  the  Boft  and 
hard  parts  of  the  animal.  This  emphasizes  the  general  truth  that 
the  shell  is  not  the  mere  covering  or  domicile  oi  the  animal,  but  is 
a  highly  specialized  enveloping  orean,  subject  to  modificatioo 
from  changes  in  the  soft  animal  withm,  and  to  the  varying  condi- 
tions of  the  environment.  From  the  nuculoid  prodissoconch, 
Pecten  passes  through  stages  corresponding  to  Rhombopteria, 
Pterinopecten,  and  Aviculopecten. 

A  genealogical  table  for  the  Aviculidse  and  their  allies  is 
proposed  as  a  result  of  these  investigations,  based  upon  fosnl 
and  recent  forms.  A  nuculoid  shell  of  Lower  Silurian  type  is 
taken  as  the  radical.  The  new  genus  Rhombopteria  is  proposed 
for  a  group  of  Aviculoids  of  which  Avicula  mira  Barrande  is  the 
tvpe.  It  is  considered  as  the  prototype  and  ancestral  form  of 
tdree  distinct  branches;  one  by  direct  descent  through  Leptodes- 
ma  to  Avicula,  with  side  branches  to  Pinna,  Perna,  Ostrea, 
Malleus,  etc.,  another  doubtful  side  branch  to  Pterinea  and 
Ptychopteria,  and  the  third  diverging  through  Pterinopecten  and 
Aviculopecten  to  Pernopecten,  Pecten,  Plioatula,  Auomia,  Pli- 
cuna,  and  allied  genera.  c.  s.  a. 

2.  Revue  des  travaux  de  paleontologie  vegetale^  parus  en  1S8S 
oti  dans  le  cours  des  annies  precedentes ;  par  le  Marquis  Gastoi 
DE  Sapobta.  Extrait  de  la  Revue  gen6rale  de  Botanique,  tome 
II,  Paris,  1800.— This  exhaustive  review  of  paleobotanical  litera- 
ture contains  much  that  is  original  and  goes  far  to  settle  a  large 
number  of  the  more  perplexing  problems  of  the  science.  The 
subject  is  treated  by  geologic  eras,  the  author's  former  classifi- 
cation of  Paleopliytic,  Mesophytic,  and  Neophytic,  being  em- 
ployed. As  on  former  occasions  he  makes  the  Mesophytic  extend 
so  as  to  include  only  the  Lower  Cretaceous,  and  the  Neophytic 
to  begin  with  the  Cenomanian  and  include  the  Upper  Cretaceoas, 
this  being  the  point  in  vegetable  paleontology  where  the  most 
distinct  line  of  deuiarkation  occurs.  Among  the  more  important 
points  brought  out  may  be  mentioned  the  following:  The  great 
difference  between  the  Paleophytic  and  Mesophytic  ferns  and 
those  of  modern  times;  the  acceptance  of  the  cryptogamic  nature 
of  Sigillaria  and  Calamodendron,  so  long  denied  by  the  French 
school  ;  the  announcement  of  the  discovery  of  a  Lower  Creta- 
ceous flora  in  Portugal  containing  dicotyledons,  and  similar  to 
that  of  the  Potomac  Ibrniation  of  Virginia;  and  the  surrender  of 
the  much  discussed  problematical  organisms  called  Spirangiumor 
Paheoxyris  to  the  zoologists  as  of  animal  nature.  l.  f.  w. 

3.  Notes  on  the  Leaves  of  Liriodendron  ;  by  Tueodor  Holm. 
Proc.  U.  S.  Nat.  Mus.,  vol.  xiii,  1890,  pp.  15-35,  pi.  iv-ii, 
Washington,  1890. — Mr.  Ilolni  is  making  a  study  of  the  germina- 
tion of  plants  and  of  the  earlier  leaves  as  they  appear  following 
the  cotyledons.  In  tliis  paper  he  has  described  and  figured  i 
large  number  of  tliese  early  leaves  of  Liriodejidron  Tulipifera, 
which  prove  to  be  very  interesting  and  of  special  importance  to 
the  student  of  paleobotany,  since  these  early  leaves  are  supposed 
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to  show  the  stages  through  which  the  partioular  form  has  passed 
in  its  development  from  earlier  times.  The  genus  Liriodendron, 
as  is  well  known,  is  a  waning  type  only  a  single  species,  or  pos- 
sibly two,  remaining  in  the  present  flora  of  the  globe,  while  a 
large  number  of  fossil  species  have  been  described,  many  of 
which  have  leaves  which  remind  us  strongly  of  these  embryonic 
early  forms  tigurcd  by  Mr.  Holm.  As  these  embryonic  forms, 
however,  are  not  likely  to  occur  in  a  fossil  state,  Mr.  Holm's 
contention  that  there  has  been  an  undue  multiplication  of  species 
by  paleobotanists,  and  that  many  of  the  fossil  species  described 
are  only  early  forms  of  living  species,  is  by  no  means  sustained, 
and  he  does  not  seem  to  understand  that  these  modern  embryonic 
forms  are  more  likely  to  represent  the  phylogenetic  stages  through 
which  the  present  living  species  has  passed.  u  f.  w. 

4.  Co7itribution8  to  the  Tertiary  fauna  of  Florida ;  by  Wm. 
H.  Dall.  Trans.  Wagner  Free  Institute  of  Sci.,  Philadelphia, 
vol.  iii,  pt.  i,  Aug.,  1890.  178  pp.,  12  plates. — The  excellent  plan 
of-  this  series  of  publications,  that  of  presenting  memoirs  on  the 
geology  and  paleontology  of  Florida,  is  well  exemplified  in  the 
present  issue.  It  is  aimed  to  produce  a  complete  monograph  of 
the  molluscan  fauna  of  the  Caloosahatchie  beds,  which  shall  serve 
as  a  typical  example  of  an  American  Tertiary  fauna,  and  as  a 
standard  for  critical  comparisons  wi,th  other  horizons.  The 
present  number  comprises  the  greater  part  of  the  gastropods,  and 
IS  to  be  followed  by  the  second  part,  to  include  the  remainder  of 
the  gastropods,  together  with  the  pelecypods  and  scaphopods. 
The  material  employed  was  collected  by  Mr.  Joseph  Willcox,  the 
the  author,  Mr.  Frank  Burns  of  the  U.  S.  G.  S.,  and  others. 

An  important  discussion  in  dynamical  evolution,  relating  to 
the  plications  on  the  columella  in  the  Volutidae,  leads  the  author 
to  conclude  that  they  are  the  strongest  in  those  shells  hav- 
ing the  most  deep  seated  adductor  muscles.  Also,  that  the 
plications  are  produced  by  the  frequent  retraction  of  the  animal, 
and  consequent  wrinkling  of  the  large  shell-secreting  mantle 
when  withdrawn  within  the  shell  cone  while  enclosing  the  com- 
paratively firm  foot  and  body  of  the  animal.  Through  an 
extension  of  this  principle  the  author  also  accounts,  by  similar 
mechanical  reasons,  for  the  teeth  and  lirsB  so  common  and  char- 
acteristic in  many  other  groups.  a  e.  b. 

6.  On  Syringothyris  \Vinchell,  and  its  American  Species ; 
by  Charles  Schuchert,  from  the  Ninth  Ann.  Rept.  N.  Y.  State 
Geologist.  12  pp.  1890. — The  question  as  to  what  should  consti- 
tute the  type  species  of  Spirifer  and  Syringothyris  is  discussed 
by  the  author,  and  considerable  light  thrown  on  the  synonymy  of 
the  American  species  belonging  to  the  latter  genus.  Syr,  Carteri 
Hall  is  shown  to  be  the  same  as  Syr,  typa  Winchell,  and  therefore 
becomes  the  type.  Following  Davidson  and  others  Spirifer  stri- 
atiis  is  accepted  as  the  type  of  Sowerby's  genus,  although  Syr, 
euspidatus  was  the  first  species  referred  to  Spirifer.       c.  b.  b. 

6.  Mineral  Resources  of  the  United  States. — Calendar  year 
188S,  David  T.  Day,  Chief  of  Division  of  Mining  Statbtics  and 
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Technology.  652  pp.  Washington,  1890  (U.  S.  Greo\.  Survey,  J. 
W,  Powell,  Director). — Another  volume — the  sixth — of  this  valu- 
able series  has  appeared,  under  the  able  editorship  of  Mr.  David 
T.  Day,  and  presents  the  condition  of  our  mining  industries  for 
1888.  The  volume  opens  with  the  usual  concise  summary  for  the 
different  metals,  etc.,  and  detailed  chapters  on  each  subject  by 
individual  specialists  follow.  Some  of  these  chapters  are  of  great 
fullness  and  interest  as,  for  example,  that  in  Coal  (pp.  168-394)  by 
Charles  A.  Ashburner.  As  illustrating  the  effect  of  a  special 
demand  (in  this  case,  the  manufacture  of  incandescent  gas  burnen) 
in  creating  a  supply  of  substances  hitherto  supposed  to  be 
extremely  rare,  it  is  interesting  to  note  that  durmg  1887-88, 
26  tons  of  zircon  were  mined  in  North  Carolina,  4  tons  of 
monazite,  1  ton  of  allanite,  600  pounds  of  samarskite  and  $500 
worth  of  yttrium  minerals. 

7.  Elements  of  Crystallography  for  students  of  Chemistry^ 
Physics  and  Mineralogy,  by  George  H.  Williams.  250  pp. 
12mo.  New  York,  1890,  (Henry  Holt  <fc  Co.). — The  subject  of 
crystallography  is  often  regarded  by  the  student  as  somewhat 
repulsive,  but  to  those  acquainted  with  its  real  simplicity  it  if 
obvious  that  the  difficulty  is  not  so  much  intrinsic  as  to  be  found 
in  the  way  in  which  it  is  ordinarily  presented.  The  excellent 
little  volume  which  Dr.  Williams  has  prepared  can  hardly  fail  to 
do  much  to  remove  this  reproach  and  to  make  the  subject 
thoroughly  attractive.  The  explanations  of  the  morphological 
relations  of  crystals  are  so  simple  and  full  and  the  style  so  clear 
that  a  conscientious  student  usin<^  it  will  find  that  the  ordinary 
difficulties  disappear  while  the  mastery  of  the  subject  will  fol- 
low as  a  matter  of  course.  A  knowledge  of  crystals  is  obviously 
of  importance  not  only  to  the  mineralogist  but  also  to  the  chemist 
and  physicist  and  to  the  latter  class  especially  this  book  will  be 
of  great  assistance. 

8.  Hiunpfite,  a  7ietr  mineral. — G.  Firtsch  has  given  the  name 
Rumpfite,  after  Prof.  J.  Rumpf,  of  Graz,  to  a  mineral  allied  to 
the  chlorites  occurring  in  aggregates  having  a  fine  scaly  to 
granular  structure  in  cavities  in  magnesite  near  St.  Michael  in 
Upjjer  Syria.  It  has  a  greenish-white  color;  the  hardness  is 
1*5,  and  the  specific  gravity  2 '6 75.  Before  the  blowpipe  it  is 
infusible.     An  analysis  gave  : 


SiO, 

AUOa 

FeO 

MgO 

CaO 

H,0 

JO-75 

41-6G 

1-61 

12-09 

0-89 

1312=10013 

It  was  found  that  ])ractically  no  water  was  lost  up  to  360°,  but 
at  a  dark  red  heat  9  per  cent  went  off,  while  the  remainder  wa« 
expelled  at  full  ignition. — Ber.  Ak.  Wien^  xcix,  July,  1890. 

9.  Polybaslfe  froin  Colorado. — Dr.  F.  M.  Endlicb  has  iden 
tified  the  rare  mineral  polybasite  at  the  Yankee  Boy  mine,  Ouray, 
Colorado.  It  occurs  in  tabular  crystals,  hexagonal  in  outlioe, 
with  pyrargyrite  in  cavities  in  a  quartzose  gangue.  The  deter 
minatiou  has  been  confirmed  by  Pentield  who  finds  the  prismatic 
angle  to  be  very  nearly  C0°;  Miers  gives  60°  10'  as  the  result  of 
recent  observations. 
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Abt.  LIY. — Long  Island  Sound  in  the  Quaternary  Era^ 
with  observations  on  the  Submarine  Hudson  River  Chan- 
nel;  by  James  D.  Dana.     With  a  map,  Plate  X. 

TpE  charts  of  the  U.  S.  Coast  and  Geodetic  Survey  have 
made  Long  Island  Sound  and  the  Atlantic  border  a  means  of 
geological  instruction  in  many  ways.  The  recent  issue  by 
Sie  Survey  after  new  soundings,  of  a  chart  which  admits  of 
convenient  photographic  reduction,  has  afforded  me  the  oppor- 
tunity to  illustrate  with  a  map^'  some  -conclusions  whicn  I 
deduced  from  them  many  years  since  ;  and  I  now  take  advan- 
tage of  it  in  order  to  sustain  or  modify  the  views  before 
presented  as  the  new  facts  may  seem  to  require.  The  subjects 
are :  lirst,  The  Condition  of  Long  Lsland  Sound  in  the  Glacial 
period  ;  secondly.  The  Origin  of  the  channel  over  the  sub- 
merged Atlantic  l)order  attributed  to  the  flow  of  the  Hudson 
River  during  a  time  of  emergence. 

•This  map  is  reduced  one-half  from  the  Coast  Survey  Chart  No.  8a, 
entitled  "Approaches  io  New  York:  Block  Island  to  Cape  May;  from  surveys 
of  1878  to  1883."  The  omissions  are  a  southern  portion  of  the  chart,  the  Light- 
houses and  tl)e  information  to  Navigators  on  the  margin.  The  additions  are 
Cotidal  lines  for  the  Sound,  taken  from  a  map  published  by  Prof.  Bache,  Super- 
intendent of  the  Coast  Survey,  in  the  Report  for  1854,  and  inscribed  as  prepared 
by  C.  A.  Schott,  of  the  Coast  Survey,  from  observations  by  Lieuts.  C.  H.  Davis, 
and  J.  R.  Goldsl)orou«i:h,  U.  S.  A. ;  additional  bathynietric  lines  for  the  Sound, 
and  a  strengthening  of  those  over  the  Atlantic  border  to  make  them  more  readily 

?>preciated ;  and  a  few  soundings  from  the  larger  charts  of  the  Sound  and  of  New 
ork  Harbor.  The  larger  charts  of  the  Sound  are  three  in  number  (Nos.  114, 
115,  116),  the  scale  ^n^oo-  (They  will  be  foimd  to  be  of  great  value  in  the  class 
room  for  geological  illustration  of  tMal  and  sea-shore  action.) 

The  soimdmgs  on  the  map  show  the  depth  at  mean  low  tide  in  fathoms  up  to 
3  fathoms,  and  in  the  shallower  dotted  portion  in  feet. 
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1.    The  Condition  o>f  Long   Island   Sound   in  the 

Glacial  Period. 

1.  The  sonthem  of  the  Sound  rivers  in  the  Olacial  period, 
— In  a  memoir, of  1809,  on  the  "  Oriprin  of  some  of  the 
topographic  features  of  tlie  New  Haven  Region,"  (read  in 
September  of  that  year  before  the  Connecticut  Academy  of 
Sciences,)*  I  mention  the  fact  that  along  the  middle  thini  of 
the  Sound,  over  the  larger  part  of  which  the  depth  is  10  to 
15^  fathoms,  there  is  near  the  southern  shore  a  cliannel  of  20 
to  25  fathoms  ;  and  I  further  point  out  that  this  channel  ends 
with  strange  abruptness  about  a  mile  and  a  half  from  the 
shore-line  with  a  depth  of  18}  fathoms,  the  next  soundings 
beyond  being  11^,  10,  9  fathoms.  This  abrupt  termination 
occurs  thirty  miles  short  of  the  outlet  of  the  Sound,  and  at  a 
point  where  the  coast-line  takes  a  N.  35°  E.  course,  right  in 
the  face  of  this  east-west  channel. 

It  was  manifest  that  this  channel  could  not  be  due  to  the 
scour  of  the  ebb  current ;  for  the  deepest  excavations  of  the 
tide  occur,  as  the  map  shows,  at  the  7ia7Towin^8  of  the  Sound : 
as  for  example,  south  of  Norwalk,  Conn.,  where  a  bank  from 
Eaton's  Point,  L.  I.,  stretches  out  nearly  half  way  acrose  the 
Sound,  and  occasions  an  increase  of  depth  from  10-12  fathoms 
to  32,  to  return  again  just  beyond  to  12  and  13  fathoms;  and 
south  of  Stratford,  where  there  is  a  like  effect  in  consequence 
of  shoals  ;  and  still  more  strikingly  at  the  eastern  discharge  of 
the  Sound,  where  the  depth  gradually  increases  (through  the 
20  miles  of  narrowing)  from  12-15  fathoms  to  50-55  fathoms 
at  the  two  sluice-ways  between  Fisher  Island  and  Plum  Island,! 
returning  again  to  12-18  fathoms  in  the  20  miles.  The  trough 
along  the  south  side  of  the  Sound  is  deepened  at  the  narrows 
south  of  Stratford  to  27  fathoms ;  but  it  continues  on  eastward, 
with  a  depth  exceeding  20  fathoms  through  the  widest  part  of 
the  Sound  and  terminates  before  a  narrowing  begins.  Since 
the  depth  to  the  eastward  of  the  termination  is  only  9  to  13 
fatlK)nh<,  there  is  here  an  abrupt  rise  in  the  lx)ttom  of  25  feet, 
and  this  would  have  the  effect  of  a  dam,  and  reduce  the  ebb 
movement  witliin  the  trough  to  a  minimum. 

In  view  of  these  facts,  I  suggested  in  1869  that  the  south-side 
channel  or  trough  was  the  bed  of  a  Sound  river  in  the  Glacial 

♦Trans.  Couii.  Acnd.  Sci.,  ii,  pp.  42-112,  1870.  An  Appendix  containing 
extracts  from  this  paper  is  nunexed  to  the  author's  separate  copies  of  his  paper 
on  tho  Phenomena  of  the  (facial  and  Champlain  periods  in  the  New  HaTcn 
region.  This  paper  is  published  iu  vols,  xxvi,  xxvii  (1883-4)  of  this  Journal,  but 
without  ihe  Appendix. 

f  The  deepest  areas  at  these  sluice-ways  are  left  hlank  on  the  mkp  without 
the  soundings;  the  depths  of  the  two  at  the  northern  sluice-way  are  60  and  51 
fathoms,  of  the  two  at  the  southern,  for  the  western  area  53,  55  fathoms,  aod 
for  the  eastern  62,  64  fathoms. 
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period ;  that  the  river  took  the  drainage  from  western  Connec- 
ticut, Long  Island,  and  the  glaciers  direct;  and  that  the  place 
of  discharge  was  not  by  the  distant  eastern  exit  of  the  Sound, 
but  across  the  narrow  north  Point  of  Long  Island,  in  the 
vicinity  of  Mattituck,  into  Peconic  Bay. 

Near  Mattituck,  as  shown 
on    the    accompanying    cut, 
there  are  inlets   both    from 
the  Sound  and  from  Peconic 
Bay  which  come  within  400 
yards  of   one   another,   and 
the   surface  between  is  but 
10   to    15   feet   above   tide- 
level.     A  line  of  hills  occurs 
along    the     shores    of    the 
Sound    either    side   of    the 
mlet,  but  they  are  only  30 
or  40  feet  high  (by  the  au- 
thor's estimateV     The  facts 
thus  appear  to  favor  strongly 
the    conclusion    that    the 
Sound   river  crossed   the  Point  into  the  Bay.     It  was  not 
possible   without   digging   or  boring   to   prove    that   such   a 
channel,  free  from  Cretaceous  clays,  lay  buried  beneath  the 
sands,  so  that  the  inference  is  not  yet  wholly  beyond  doubt. 

2.  A  northeantern  Sound  river. — As  the  soundings  indicate 
the  waters  from  the  drainage  east  of  New  Haven,  including 
those  of  the  Connecticut,  passed  out  of  the  Sound  at  its  east 
end. 

3.  The  southern  Sound  river-channel  cut  off  from  Peconic 
Bay  by  depositions  of  drift — Other  facts  with  regard  to 
the  soundings  throw  light  on  the  method  by  which  the  dis- 
charge into  Peconic  Bay  may  have  been  stopped. 

My  paper,  of  1883,  on  Glacial  phenomena  in  the  New 
Haven  region  *  points  out  that  the  ice  of  the  Conneqticut 
valley  trough,  or  that  of  the  lower  part  of  the  great  glacier,  had 
the  course  of  this  valley  for  150  miles  (from  New  Hampshire 
to  New  Haven) — this  being  proved  (1)  by  the  abundant  glacial 
scratches  over  the  rocks,  and  (2)  by  the  fact  that  the  drift  stones 
and  bowlders  of  the  valley  in  its  southern  part  are  99  per  cent 
trap  and  sandstone,  the  valley  rocks.  It  was  observed  further, 
that  the  ice,  as  it  was  discharged  from  the  confining  valley 
into  the  open  way  of  the  Sound  at  and  west  of  New  Haven 
Bay,  had  to  make  there  a  turn  of  40°  to  50°  eastward  to  bring 
it  into  conformity  of  flow  with  that  of  the  general  ice-mass. 

*  Phenomena  of  the  Glacial  and  Champlain  periods  about  the  mouth  of  the 
Conoecticut  Valley  in  the  New  Haven  Region,  Am.  Jour.  Sci.,  xxvi,  341,  1883, 
xxvii,  113,  1884. 
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The  coarse  of  movement  in  the  valley  was  S.  10^-15**  W. ;  the 
course  outside  of  it,  and  that  of  the  upper  ice  over  it,  8. 15*- 
85°  E.,  S.  35°  E.  being  the  prevailing  course  over  the  hi^ 
lands  of  western  Connecticut 

It  was  stated  also,  and  proved  by  glacial  scratches,  that  tht 
south -westing  which  the  ice  had  in  the  valley  continued  fort 
to  8  miles  west  of  New  Haven,  over  the  Milford  region, 
jind  was  increased  there  to  S.  34°  W. ;  and  also  that  Ronud 
Hill,  west  of  New  Haven,  (R,  on  the  map),  an  isolated  hill  3M 
feet  high  and  110  feet  deep  in  l)owlder-clay  or  till,  is  situated 
where  the  greatest  crevasses  would  probably  have  been  made 
in  the  wrenched  glacier.* 

If  then  this  change  of  course,  bringing  the  bottom-ice  in  Ae 
Connecticut  valley  into  line  with  the  upper  ice  of  the  glacier 
took  place  over  the  region  from  New  Haven  to  Milford,  a  large 
deposit  of  drift,  S.  2U°-35°  E.  from  there,  should  be  looked  for 
in  the  Sound.  This  deposit  is  there.  A  line  from  Milford  to 
Mattituck  has  the  course  S.  30°  E.,  or  that  of  the  general  Ar 
cial  movement,  so  that  the  Milford-New  Haven  and  NorthvUle- 
Mattituck  shore-lines  lie  in  the  course  of  the  glacial  stream. 
Now  all  the  way  across  the  Sound  between  these  shore-lines 
there  is  shallow  water,  no  soundings  exceeding  16  fathoms. 
This  shallowed  region  passes  hy  the  east  extremity  of  thesoxiA- 
^ide  channel.  The  work  of  deposition  was  mainly  done  in  the 
Chani]>lain  period,  during  the  melting  of  the  ice,  and  then,  con- 
scHiuently,  the  southern  Sound  river  of  the  glacier  period  had 
its  channel  cut  off  hy  sand  deposits,  like  so  many  other  streams 
of  the  continent. 

This  course  of  glacier  movement  and  deposition  is  shown 
further  to  have  been  a  fact  hy  the  large  quantity  of  red  sand- 
stone— niostlv  a  soft  shalv  variety — on  the  sliore-hills  near 
Nortliville,  Long  Ishmd  i^north  of  Riverhead).  The  surface 
covered  is  so  extensive  that  it  looked  like  an  outcrop  of  the 
Jura-Trias.  The  fa^-ts  aj)pear  to  indicate  the  position  across  the 
Soiin<i  of  t!ie  line  of  inaximina  transportation. f 

Tiiis  soiitliside  channel,  if  really  that  of  a  river  carrying 
fresh  water  in  tlie  Glacial  period,  leqnired  a  more  elevated  ci>n- 
dition  than  now  of  Long  Island  and  the  (\mnecticut  coast. 
Evidence  of  such  an  elevation — estimated  at  100  to  150  feet- 
was  found  in  tlie  existence  of  pot-holes  at  the  sea-level  in  the 
gneiss  or  granite  off  the  Connecticut  shore,  and  in  the  depth  at 
which  clay  occurs  in  tlie  stratilied  drift  in  the  shore  deposits  of 
Kew  Haven  ]3ay.  Decisive  proof  is  afforded  also  by  the  bavs 
of  the  north  side  of  Long  Island,  as  suggested  by  Mr.  E.  Lewis 

*  A  map  of  the  Round  Hill  region  is  given  on  page  358  of  the  paper,  vol.  xxvi 
1883. 
f  On  this  point  see  further  the  paper  of  this  Journal,  1883,  xxvi,  355. 
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in  1877.*  These  bays  are  marvels  for  size  and  depth,  consid- 
ering that  they  have  now  no  sufficient  stream  to  make  or  keep 
them  open.  Their  varying  courses  and  complexity  of  form  are 
unfavorable  to  the  idea  that  they  were  made  by  the  shove  of 
the  glacier  against  the  unconsolidated  sand,  gravel  and  clay- 
beds  of  the  island — an  idea  suggested  by  Mr.  F.  J.  II.  Merrill.f 
The  great  bay  east  of  Eaton's  Neck,  called  Huntington  Bay» 
has  a  depth  of  50  feet  in  its  southwest  part,  and  of  52  and  58 
feet  in  its  inner  eastern  section  called  North  port  Bay.  The 
bay  west  of  Lloyd^'s  Xeck,  called  Oyster  Bay,  has  a  depth,  just 
south  of  the  sand-bank  that  nearly  closes  its  entrance,  oi  63 
feet,  and  the  inner  western  portion  has  soundings  of  about  50 
feet.  These  equal  the  greatest  depth  in  New  York  harbor. 
The  narrow  Hempstead  Harbor,  farther  west,  has  a  depth  of 
30  feet  almost  at  its  inner  extremity.  Tiie  depths  of  these 
bays  have  been  diminishing  since  glacial  times  by  the  west- 
ward tidal  drift,  which  has  made  shallow  entrances,  and  by  the 
transporting  action  of  waters  draining  the  high  sand  and  gravel 
hills  which  border  the  bay.  The  most  probable  ex|)lanation 
of  so  great  size  and  depth,  and  of  so  complex  forms  for  these 
essentially  riverless  bays,  is  that  of  their  excavation  by  under- 
glacier  streams  when  the  island  was  enough  higher  to  give  the 
streams  the  power  of  cutting;  and  of  cutting  not  only  50  and 
60  feet  below  the  present  surface  but  60  plxis  the  amount  of 
depth  lost  by  subsequent  depositions.  An  increase  in  height 
of  100  feet  seems  therefore  to  be  a  reasonable  conclusion. 

But  if  the  northern  side  bears  such  evidence  of  elevation,  the 
southern  should  afford  some  corresponding  facts.  We  find 
such  apparently  in  the  south  side  gravel  i)lain  and  that  at  the 
head  of  Peconic  Bay.  This  south-side  plain  is  two-thirds  as 
long  as  the  island  and  nearly  half  as  broad.  To  the  north  of  a 
middle  east-west  line — which  is  shown  on  the  map,  between 
Jamaica  on  the  west  and  Shinecock  Bay  on  the  east — the  land 
rises  to  200  feet  and  beyond,  reaching  884  feet  in  the  most 
elevated  part ;  and  this  higher  land  continues  to  the  northern 
coast,  where  the  height  is  mostly  100  to  200  feet;  and  also 
westward  to  Bay  liidge  on  the  northwest  coast  of  the  island, 
on  New  York  Harbor  and  eastward  to  Monlauk  Point,  the 
southeastern  cape. 

These  higher  lands  have  a  basis  of  Cretaceous  or  Tertiary 
clays  and  other  strata,  which,  in  some  places  on  the  north  side 
of  the  island,  have  a  height  above  tide  level  of  100  feet  or  more. 
But  the  surface  is  everywhere,  though  often  quite  sparsely, 

*  Water  Courses  on  Lodj?  Islnnd,  this  Journal,  III,  xiii,  142. 

My  own  study  of  Long  Island  was  made  in  1875,  l«76,  and  at  that  time  I 
reached  the  conclusions  here  presented. 

t  Annals  N.  Y.  Acad.  Sci.,  iii,  341,  1886:  a  valuable  paper  "on  the  Geology 
of  Long  Island." 
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sprinkled  with  bowlders ;  and  below,  there  is  nsnall  j  a  layer  10 
to  160  feet  thick  of  bowlder  clay  or  till,  which  in  eome  parts  ii 
very  stony,  suggesting  the  idea  to  E.  Lewis,  Upham,  Chamberlm 
and  others,  that  the  island  is  the  course  lengthwise  of  a  part  of 
the  continental  terminal  moraine. 

But  the  south-side  plain,  which  slopes  from  about  100  feet 
to  the  sea-level,  has  no  bowlders  over  it  in  any  part ;  inetead, 
the  material  is  a  fine  yellowish  gravel  nearly  or  quite  to 
tiie  sea-level,  as  shown  by  facts  m)m  well-divings.*  The 
Cretaceous  or  other  clays  are  cut  off  short 

The  long  drainage-area  at  the  head  of  Peconic  Bay  also,  al- 
though having  a  range  of  high  land  and  ^^  terminal  moraine" 
both  on  its  north  and  south  sides,  and  hence  lying  right  in  die 
teeth  of  the  "moraine,"  has  similar  characters — yellowish 
gravel  and  no  bowlders.  All  the  bowlders  and  stones  that 
dropped  over  thcbc  regions,  if  there  were  any — and  they  may 
have  been  as  many  and  as  large  as  elsewhere-^are  now  con- 
cealed by  the  gravel. 

The  facts  may  be  understood  if  we  regard  the  drainage  siet 
extending  westward  from  the  head  of  Peconic  Bay  as  the  conne 
of  a  large  valley  occupied  by  the  river  which  now,  in  dwin- 
dled form,  empties  into  the  bay,  and  that  the  travel  depositB 
are  Quaternary  beds  of  the  Champlain  period  (that  of  melting 
and  deposition),  laid  down  over  the  earlier  bowlder  deposits. 
The  same  explanation  will  answer  also  for  the  region  of  the 
south-side  plain  where  the  ocean  may  have  made  at  the  time 
large  encroachments  and  thus  chiselled  off  the  Cretaceous  or 
Tertiary  beds.  Its  yellow  gravel  is  post-glacial,  notwithstand- 
ing its  resemblance  to  New  Jersey  pre-glacial  deposits,  color 
being  here,  as  commonly,  of  no  chronological  value. 

It  is  thus  rendered  probable  that  during  the  Glacial  period 
Long  Island  Sound,  instead  of  being,  as  it  is  now,  an  arm  of 
the  ocean  twenty  miles  wide,  was  for  the  greater  part  of  its 
length  a  narrow  channel  serving  as  a  common  trunk  for  the 
many  Connecticut  and  some  small  Long  Island  streams,  and 
that  the  southern  Sound  river  reached  the  ocean  through  Pe- 
conic Bay.  Under  these  circumstances  the  supply  of  fresh 
water  for  the  Sound  river  would  have  been  so  great  that  salt 
water  would  have  barely  passed  the  entrance  of  the  Sound. 

*  T  am  iiidcbtod  to  a  recent  letter  from  Mr.  E.  Lewis  (dated  BrooklyOi  Sept  11, 
for  the  following  facts: — 

Wells  have  been  du^  or  bored  along  the  plains — ^near  the  old  Central  B.  R.— 
quite  down  to  tide  level.  No  Cretaceous,  or  any  other  deep  beds  of  daj  have 
been  found  so  far  as  I  know.  The  earth  pa8sed  through  has  been  sand  and  grarel 
in  layers  down  as  far  as  the  wells  have  gone,  except  here  and  there  some  vef7 
thin  clayey  beds,  mere  crusts  which  are.  I  believe,  only  isolated  podttU,  Th« 
Bethpa^c  bed  dues  not  extend  southward  beneath  the  plain,  but  northward.  T^ 
same  is  true  of  similar  beds  at  Deer  Park,  some  six  miles  eastward.  These  tR 
overlaid  with  drift.  They  form  the  front  or  southward  edge  of  the  hills  and 
occur  some  16  feet  down  at  the  base  of  the  hills. 


Dana — Long  Inland  Sound  in  the  Quaternary  Era.    431 

During  the  subsidence  of  the  Champlain  period,  the  Sound 
gain  became  an  arm  of  the  ocean,  and  one  exceeding  some- 
mat  the  present  in  its  dirtiensions.  But  the  existing  beaches, 
nteide  of  the  long  sea- border  bays,  could  not  have  been  formed 
►efore  the  present  level  was  attained  as  the  Champlain  period 
losed. 

2.  The  submergkd  River  Channels. 

The  map  of  the  Atlantic  border  off  New  York  and  New 
Tersey  in  my  Manual  of  Geology,  showing  by  bathymetric 
ines  the  courae  of  what  had  appeared  to  me  to  be  the 
ubmarine  channel  of  the  Hudson  River  over  the  shallow 
)order  of  the  ocean,  first  appeared  in  the  first  edition  of 
lie  work,  published  in  1868,  and  I  refer  to  it  there  (p.  441) 
18  proof  ''that  the  land  w^as  once  above  the  water  with 
lie  Hudson  River  occupying  the  cliannel  on  its  way  to  the 
)cean."  On  page  544  of  the  same  edition,  it  is  added,  that 
*  the  Connecticut  River  Valley  is  also  distinct  over  the 
»me  submerged  pleateau,  running  southward  east  of  Long 
[filand." 

The  soundings  on  which  the  bathymetric  lines  affording 
;be8e  deductions  were  based  were  those  of  the  Coast  Survey 
Dhart  of  1852.  But  the  lines  on  the  chart  only  imperfectly 
lefined  the  so-called  Hudson  River  channel.  A  little  closer 
following  of  the  registered  soundings  brought  out  the  long 
loops  in  the  lines,  and  these  were  inserted  in  my  little  map  for 
Jhe  Manual,  and  also  in  a  copy  of  the  chart  of  the  Coast 
Survey  sent  at  the  time  to  Professor  Bache. 

Recently,  in  1885,  the  facts  bearing  on  the  existence  of  the 
submerged  Hudson  River  channel  have  been  presented  in  this 
Journal  by  Mr.  A.  Lindenkohl,  assistant  in  the  U.  S.  Coast  and 
Greodetic  Survey.*  The  author  sustains  the  conclusion  as  to 
the  channel  and  presents  others  with  regard  to  the  *'  sea-bottom 
in  the  approaches  to  New  York  Bay,"  illustrating  his  paper  by 
I  map. 

My  own  further  consideration  of  the  facts  bearing  on  the 
mbject  leads  me  now  to  question  some  points  in  the  conclusion. 

1.  The  Connecticut  River  Channel. — As  regards  the  ex- 
istence of  a  submarine  Connecticut  channel  the  evidence  referred 
X)  is  certainly  unsatisfactory.  The  bend  in  the  bathymetric  lines 
m  the  accompanying  map  between  Montauk  Point  and  Block 
[aland  looks  right  for  such  an  origin,  and  strongly  so.  But 
jonsidering  the  effects  of  tidal  scour  during  the  ebb  through 
;be  narrow  passages  of  the  Sound,  briefly  referred  to  above 
page  426),  it  is  plain  that  the  channel  is  of  this  kind.     Block 

♦Vol.  xxix,  475,  1885.  The  article  is  entitled  "Geology  of  the  Sea-bottom  in 
he  Approaches  to  New  York  Bay." 
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Island  and  Montauk  Point  stretch  out  under  water  far  toward 
one  another,  and  therefore  the  deepening  (see  map)  from  12 
fathoms  to  27  and  30  over  the  narrow  interval  is  a  reasoDable 
result  for  scour.  The  loops  farther  south  in  the  bathymetric 
lines  are  too  broad  to  be  relied  on  for  any  conclusion.  The 
channel  between  Montauk  Point  and  Block  Island  must  have 
been  the  course  of  the  northern  of  the  two  water-ways  of  the 
Sound,  if  Long  Island  stood  100  feet  or  more  above  its  present 
level  in  the  Glacial  period;  but  tidal  scour  accounts  well 
for  the  present  condition  of  the  region. 

2.  The  IIuusox  River  Channel. — The  method  of  explana- 
tion above  suggested  for  the  supposed  Connecticut  River  Channel 
does  not  meet  the  case  of  the  supposed  Hudson  River  Channel 
But  still  it  may  be  that  tidal  scour  has  had  much  to  do  with 
the  present  shape  also  of  the  latter  channel.  It  may  be  that 
the  outflowing  tide  from  New  York  Bay  and  from  the  adjoin- 
ing parts  of  the  shores  of  Long  Island  and  New  Jersey  may 
have  combined  their  forces  along  a  diagonal  line  crossing  the 
shallow  Atlantic  border  region,  and,  by  scour  only,  have  given 
the  existing  dei)th  as  well  as  course  to  tlie  larger  part  of  the 
channel.  The  water,  on  the  ebb,  from  this  inner  portion  of 
what  Professor  Baclie  named  in  1858  the  Middle  Bay  of  the 
American  Coast  (between  Cape  Hatteras  and  Nantucket)  move 
or  settle  away  on  more  or  less  oblique  courses  toward  the 
lowest  i)art  of  the  bottom  for  escape,  and  there  they  flow  nx^st 
rapidly  and  would  erode  most  energetically. 

Kfferts  of  inifowiny  tnlal  and  iraifl-made  currents  on  Jf-p^ 
sif/ff/h'i. — To  appreciate  the  effect  of  the  ebb  on  the  channel 
the  work  carrii^l  on  l>v  the  inflowing  tidal  wave  and  wind- 
made  currents  should  be  in  mind.  The  wave,  moving  toward 
New  York,  the  head  of  tlie  great  Middle  Bay,  gives  the  sands 
which  th(i  waters  take  up  from  the  coast  and  in  the  shallow 
waters  a  corresjx>nding  drift  or  set  along  the  beaches.  This 
drift  action  on  the  New  Jersc^y  coast  is  carried  on,  as  was  lon^i; 
since  shown  bv  Professor  Bache,  to  the  extremity  of  Sandv 
Hook,  at  the  very  entrances  to  New  York  Bay;  and  on  the 
Long  Island  coast  in  like  manner,  as  abundantly  illustrated  by 
Lieutenant  (later  Admiral)  C.  H.  Davis,  U.  S.  N.,*  it  works 
even  to  Conev  Island,  by  the  north  side  of  the  entrance.  The 
course  of  tidal  action  in  and  out,  producing  the  western  set  of 
the  sands  and  other  materials  at  the  inflow,  is  well  shown  hv 
the  ol)li(jue  loops  in  the  bathymetric  lines  of  10  fathoms,  south 
of  western  Long  Island.  Wind  made  current-\  due  to  the 
prevalent  eastern  storms,  work  in  the  same  direction,  perform- 
ing much  of  the  transportation. 

*  (leoloffical  action  of  tlie  tidal  and  other  curreiit^s  of  the  Ocean,  by  C.  II.  DayiS' 
A.M.,  Lieut,  U.  S.  N.,  Mem.  Acad.  Arts  and  Sci..  new  series,  iv,  1849. 
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For  this  drift  movement  on  the  Lone^  Island  coast,  sands  are 
itributed  by  tlie  high  gravel-made  oluffs  of  the  seaeoast  to 
3  eastward,  toward  Montauk  Point,  and  thus  the  supply  of 
w  material  on  the  Long  Island  side  is  larger  than  on  the 
3W  Jersey  side,  notwithstanding  the  aid  in  deposition  the 
ter  has  from  rivers.  Accordingly,  the  work  has  not  only 
ide  the  long  lines  of  beaches  off  the  Long  Island  shores  up 
the  New  York  entrance  ontside  of  a  series  of  long  bays  or 
ands,  but  has  probably  widened  the  shallow  region  off  the 
^tern  part  of  Long  Island,  that  is,  the  area  under  15  fathoms 
depth.  If  so,  these  drifted  sands  have  been  the  means  of 
ving  the  so-called  Hudson  River  channel  a  shove  far  toward 
e  New  Jersey  shore,  and  also  the  bend  in  it  just  south.  In 
e  ebb,  the  w^aters  from  the  coast  of  Long  Island  and  New 
jrsey  would  carry  down  shore  sand&  and  drop  them  over  the 
►ttom  on  the  way  to  the  channel.  The  origin  of  the  blue 
\y  or  mud  of  the  bottom  of  the  channel,  to  which  Mr.  Lin- 
jnkohl  draws  attention,  is  not  certain.  Recent  borings  on 
e  New  Jersey  coast  at  Atlantic  City  (lat.  39°  20'  N.)  reported 
7  L  Wool  man,  reached  a  depth  of  1400  feet  without  getting 
jIow  Miocene.*  Clay  and  marl  beds  occur  at  intervals,  which 
e  nearly  continuous  below  383  feet. 

Description  of  the  channel, — Turning  now  to  the  channel, 
e  conditions  are  found  to  be,  in  part,  at  least,  legitimate 
Eects  of  scour. 

The  channel  may  be  traced  up  to  the  mouth  of  the  "East 

hannel,"  the  central  one  of  the  channels  intersecting  the  sand 

irs  at  tlie  mouth  of  New  York  harbor.     The  soundings,  4^, 

8i,  9  fathoms,  lead   down  from  it  to  the  10-fathom  area 

arked  on  the  map ;  and  this  incipient  trough  has  a  depth  of 

to  1^  fathoms   below  the  surfaces  adjoining.f     The  water 

rough  the  Swash  and  the  Main  Channels  (the  two  southern) 

186  into  the  trough  or  channel  over  its  side  instead  of  by  a 

parate  branch  channel ;  and  this  fact  suggests  a  reason  for 

6  channel's  leading  off  from  the  central  East  Channel  instead 

the  deeper  Main  Channel :  it  is  more  remote  from  the  New 

jrsey  coast  near  by,  as  well  as  from  the  Long  Island  coast, 

hence  sands  drift  to  the  sand-bars  with  the  inflowing  tide. 

The  pitch  in  the  trough  or  channel  from  5  fathoms  to  the 

i-fathom  line,  a  distance  of  one  and  tw^o-thirds  mile  (statute), 

ls  the  mean  rate  of  18  feet  a  mile ;  from  the  same  to  a  depth 

15  fathoms,  about  5  miles  distant,  12  feet  a  mile ;  to  a  depth 

20  fathoms,  10  miles  distant,  9  feet  a  mile.     The  bottom  of 

e  channel  has  thus  a  continuous  but  lessening  pitch  from  the 

■  Proc.  Acad.  Nat.  .^ci.  Philad.,  March  25,  1890. 

f-  These  sounding*^  are  j?iven  on  the  Coast  Surrey  Chart  of  New  York  Bay,  (No. 
0).  They  were  inserted  ou  the  map  for  the  plate  accompanying  this  paper,  but 
3  obscurely  copied. 
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6-fatliom  area — which  is  an  extended  area  on  the  oater  ode  of 
the  sand-bars. 

Followinj;  the  trough  outward  :  from  the  iJO-fathoro  line  to 
the  30-fatlioin  line,  the  distance  7^  miles,  the  mean  pitch  is  S 
feet  a  mile ;  and  to  the  35-fathom  line,  about  11  miles,  it  ie  8 
feet  a  mile.  At  the  'iO-fatliom  line,  the  trough  is  6  fathoms  in 
depth;  at  the  35-fathom,  it  has  its  maximum  depth,  16  to 20 
fatUomB,  that  is,  16  to  20  l>elow  the  level  of  the  bottom  ontside 
of  it. 

At  the  35-fathoni  level  the  mean  pitch  outward  becomes 
slight.  Through  the  34  miles  to  the  40-fathom  level  it  is  ot^y 
16  inches  a  mile,  and  there  the  depth  of  trongh  ie  13  to  16 
fathoms.  Then,  from  the  40-fathom  level  in  tlio  trongh  the 
bottom  is  essentially  level  for  the  next  50  miles,  three  entries 
of  a  depth  of  41  futhoms "being  at  the  end  of  the  50  mileson 
the  map.  A  deptli  of  41  fathoms  exists  between  the  first  40 
and  4:i  fathoms  registered  on  the  map ;  and  if  put  in  half  way 
between,  then  the  trongh  is  absolutely  level  for  47^  miles,  ei- 
eepting  oseillatious  witltin  a  range  of  18  feet  in  the  couree  of 
it.  So  long  a  level  tn>ngli  is  hardly  to  be  fonnd  over  a  conti- 
nent I'xcent  in  the  bed  of  some  tidal  stream. 

AtTordmg  to  the  above,  the  trough  has  its  greatest  depth, 
80  to  l-Jd  feet,  where  its  bottom  is  210  to  220  feet  below  the 
surface ;  and  thin  is  at  tlf  JmtUynietric  fine  of  15  fathoms,  bo 
that  tin-  diH'pi-st  part  is  abreast  of  the  bank  having  a  15  fatiiom 
limit.  This  deptli  continues  with  little  diminution  until  the 
liatliyniotric  line  of  20  fathoms  is  reached,  jnst  beyond  which 
the  ehimnel  beirins  its  47A  mile  level  of  41  fathoms.  Abreast 
of  this  level  it  loses  gnidiially  its  depth  by  the  elope  of  the 
L'ral  Ih>ttom  outside  of  it,  until  the  40-fathom  batbymetric 
i>d.  where  the  ehanuel  disappears, 
/■jf'iifn  or'  .<iv)irr. — If  the  work  is  that  of  tidal  action  the 
I'lTivts  of  seour  deeline  greatly  at  the  depth  in  the  channel  of 
210  tWt  (,;i:>  fathoms),  nud 'cease  entirely  at  that  of  246(41 
fathoms,  on  the  liathymotrio  liue  of  20  or  21  fathoms,  only  35 
milw  off  the  Rirnejr,tt  Ivaeh. 

1(  iiia\  W  uigwl  that  a  river  channel  might  vary  in  like  man- 

;  kikI  ihip  eanitot  Iw  denie«l.     Prof.  Kaehe's  map  of  cotidal 

»  wf  IS'>4  .irid  ISS".  shows  ihat  the  next  incoming  tidal  wave* 

' )  [i»\  e  <t  .iche^i  the  outflowing  current  not  far  from,  if  not 

iK.   90-fathom  line.     And   it  seems  probable  thai 

!■  li.^-  occkMoneil  &  ««s^t)on  of  farther  deepening  by 

Iw  th«  tleptli  xlone.  iis  It  cv>nseqDeoce  of  passing  the 

>  the  ebbing  waters  have  abrading  action.     Obser- 

.'  mrrents  may  give  a  [Kwitive  decision  of  the 

1th  of  th«  diuintfl.  aeeonling  to  the  map.  is  mostly 
~  A  ^t  «  crw«  w«tion  of  the  deeper  part  woald 


line  IS 


Dcma — Submarine  Hudson  River  Channel.  435 

.ve  a  width  of  5,000  to  10,000  feet.  The  best  way  to  realize 
e  truth  as  to  the  form  and  pitch  of  the  channel  is  to  draw 
agrams  with  the  actual  proportions ;  not  to  refer  to  an  exag- 
jrated  and  deceiving  plaster  model. 

Terminal  part  of  the  Channel^  at  the  margin  of  the  Atlan- 
yhorder  pCateau. — The  remaining  part  of  the  channel,  but 
>  miles  long,  is  beyond  question  the  work  of  river-erosion, 
nly  four  miles  from  the  last  of  the41-fathom  soundings,  comes 
e  52,  indicating  a  mean  slope  between  of  about  16^  feet  a 
lie ;  after  the  next  2^  miles,  comes  an  183-fathom  sounding, 
lowing  a  mean  pitch  off  of  315  feet  a  mile ;  in  5^  miles  more, 
277-fathom  sounding,  corresponding  to  a  pitch  of  103  feet  a 
ile ;  and  then  to  others  deepening  the  gorge  a  little  more 
owly  to  474  fathoms ;  and  this  depth  exists  about  in  a  line 
ith  the  80-fathom  bathymetric  line.  The  depth  in  the  cut  at 
lis  point  is  hence  nearly  2400  feet  below  the  region  adjoining, 
his  gorge  cannot  be  pronounced  cafion  like  without  more 
icts  from  soundings ;  for  the  pitch  in  the  sides  according  to 
16  existing  data  does  not  exceed  1:5.  Still  it  affords  strong 
ridence  of  river  origin,  and,  therefore,  that  the  whole  of  the 
iannelj  up  to  New  York  Bay^  was  once  the  course  of  the 
[udson  River.  At  the  same  time  it  makes  it  strange  that  the 
ver  channel  should  have  flattened  out  over  the  loose  sands  and 
mds  of  the  40-foot  to  45-foot  level  when  so  tremendous  a 
lunge  was  before  it,  unless  the  conclusion  is  a  right  one  that 
dal  scour  is  the  cause  of  the  present  features  from  the  outer 
mit  of  the  41-foot  level  upward  to  the  Bay. 
Time  of  the  emergence, — The  remarks  on  the  "  submerged 
[udson  River  channer'  in  my  Manual  of  Geology  are  intro- 
nced  in  the  account  of  the  Jura-Trias  formation  of  eastern 
orth  America.  The  absence  of  marine  fossils  from  the  Jura- 
rias  had  led  to  the  inference  that  the  sea-border  of  the  period 
>r  some  distance  Out  was  more  or  less  emerged.  It  was  not 
iferred  that  there  was  then  a  great  elevation  of  the  Conti- 
antal  border — for  the  large  size  of  the  Jura-Trias  estuaries 
roved  the  contrary  to  be  true ;  but  that  there  was  simply  a 
ending  upward  and  emergence  of  the  coast-region  which  car- 
ed the  searbottom  above  the  water-level  out  to  the  lOOfathom 
ae,  or  farther.  I  have  referred  the  emergence  to  a  low 
3anticline  begun  long  before  the  Carboniferous  era,  for  no 
arboniferous-Devonian  or  Upper  Silurian  rocks  of  Atlantic- 
>rder  origin  are  known.  The  Hudson  River  as  it  left  the 
alisade  fistuary  (for  the  region  from  New  York  to  Tomkin's 
ove  opposite  Peekskill,  appears  to  have  been  part  of  one  of 
le  estuaries)  flowed — sluggishly  it  may  have  been — across  the 
nerged  sea-border,  and  thence  emptied  into  the  Atlantic.  It 
as  long  after  the  Jura-Trias  period  had  passed,  and  even  after 
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that  of  the  Lower  Cretaceous,  that  the  clays  of  the  Cretaceous 
series  in  New  Jersey  were  laid  down,  and  still  later,  when  salt 
water  again  reached  the  present  New  Jersi^y  shores,  so  that 
Cretaceous  marine  life  there  abounded. 

The  above  explanation  does  not  account  for  the  great  depth 
of  the  outer  part  of  the  channel ;  and  nothing  but  a  supposi- 
tion with  a  perhaps  can  do  it.  And  here  is  one  such.  Perhaps 
when  the  Jura-Trias  beds  were  nearly  completed,  tlie  sea-border 
region  over  a  wider  surface  continued  to  rise  until  the  height 
was  sufficient  to  allow  of  excavation  to  a  depth  of  2500  feet  or 
beyond. 

This  supposition  has  these  facts  in  its  favor : 

(1)  The  closing  part  of  the  Jurassic  period  and  the  whole  of 
that  of  the  Lower  Cretaceous  are  unrepresented  on  this  Atlan- 
tic border  by  marine  rocks. 

(2)  The  Jura-Trias  period  ended  in  a  semi-glacial  era,  as  is 
admitted  l)y  all  who  have  studied  the  beds.  The  evidence  con- 
sists in  thick  deposits  of  stones  and  bowlders  in  which  occur 
masses  2  to  -i  feet  in  diameter,  and  therefore  such  as  only  ice 
could  have  handled  and  transported.  They  are  situated  along 
the  western  side  of  the  areas  in  Virginia,  Maryland  and  New 
Jersey  (where  the  dip  of  the  Jura-Trias  beds  is  eastward)  and 
on  the  eastern  in  Connecticut  and  Massachusetts  (where  the  dip 
is  westward).  Fontaine  has  found  in  Virginia  and  Maryland 
tliat  tliev  are  the  hder  beds  of  the  formation.  Prof.  Edward 
llit(!hc(K-k,  in  his  Massachusetts  Geological  Report  (18-1:1),  de- 
scribes  the  conglomerate  as  largely  developed  at  Mt.  Toby,  and 
at  the  mouth  of  Miller's  Uiver  on  tlie  Connecticut,  north  of 
Amherst,  and  as  containing  many  bowlders  3  to  4  feet  in  diam- 
eter; and  he  refers  the  ccmglomerate  to  ''the  upper  beds''  of 
the  flura-Trias  series.  At  the  mouth  of  Miller's  Kiver  the  piles 
of  stones  and  bowlders  brought  down  by  the  glacier  of  the 
Glacier  j)erio(l  are  of  like  coarseness  and  character. 

In  Connecticut  simihir  deposits  occur  on  the  east  border  of 
the  Jura-Trias  in  East  JIaven,  within  three  miles  of  Lon? 
Ishuid  Sound,  as  described  in  this  Journal  by  E.  O.  Hovey,  in 
ls>5t>;  and  they  contain  bowlders  of  granite,  gneiss,  trap  and 
other  rocks,  of  various  sizes  uj)  to  two  and  a  half  feet  in  diam- 
eter. The  source  of  the  trranite  and  j^neiss  is  to  the  southeast- 
ward,  but  a  mile  olT ;  and  over  the  two  miles  beyond  to  the 
Sound,  there  are  only  low  hills  and  hence  no  elevatious  for 
makin^c  ice  and  G:laciers. 

The  hypothesis  suggested  above  sui)pliesthe  elevation  and  is 
elastic  enough  to  give  them  whatever  height  was  necessary  for 
the  result. 

If  tlie  time  of  the  sea-border  emergence  for  the  formation  of 
a  ''submerged  Hudson  River  channel,"  is  taken  to  be  that  of 
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the  Glacial  period  instead  of  the  Jura-Tnas,  the  query  comes 
ap  for  explanation — Why  the  eroding  river  did  not  cut  through 
the  clays,  and  more  deeply  trench  the  sea-border  region.  It  is 
remarkable  that  there  are  no  «*.hannel8  or  trenches  over  this 
border  for  the  Delaware,  Chesapeake  and  other  rivers  to  the 
Bonth.  This  appears  at  first  to  be  proof  of  no  elevation  in 
the  Glacial  period.  It  may  be  good  proof  of  this  as  regards  the 
Boathem  part  of  the  Atlantic  border ;  but  it  is  incomplete  for  the 
more  northem,  inasmuch  as  the  Glacial  deposits  of  the  closing 
Glacial  and  the  Champlain  periods  would  probably  have  oblit- 
erated through  the  agency  of  ice  and  rivers  any  trenches  that 
had  been  previously  made. 


Art.  LV. — The  Preservation  and  Accumulation   of  Cross- 
infertility ;  by  John  T.  Gulick. 

In  his  wo*rk  on  "  Darwinism  "  in  a  section  entitled  *'  The 
Influence  of  Natural  Selection  upon  Sterility  and  Fertility," 
Mr.  Wallace  reaches  the  conclusion  that  "  If  it  [the  cross- 
infertility]  was  so  closely  correlated  with  physical  variations  or 
diverse  modes  of  life  as  to  affect,  even  in  a  small  degree,  a  con- 
siderable proportion  of  the  individuals  of  the  two  forms  in 
definite  areas,  it  would  be  preserved  l)y  natural  selection." 
(p.  ,178).  That  the  infertility  of  an  incipient  species  with  its 
nearest  allies  is  often  preserved  and  accumulated,  no  one  can 
doubt ;  but  there  are,  it  seems  to  me,  very  strong  reasons  for 
believing  that  this  can  never  be  due  to  natural  selection. 
Natural  selection  is  the  exclusive  breeding  of  those  best  adap- 
ted to  the  environment  of  the  species,  through  the  failure  to 
propagate  of  those  that  are  less  adapted  ;  and  the  separate  breed- 
ing of  those  that  are  equally  adapted  introduces  a  wholly 
different  principle.  In  order  to  produce  the  cumulative  modi- 
fication of  a  variety,  selection,  whether  natural  or  artificial, 
tnuet  preserve  certain  forms  of  an  intergenerating  stock  to 
the  exclusion  of  other  forms  of  the  same  stock  I  may  select 
bantams  as  the  object  of  my  attention  for  a  few  years,  and 
then  excluding  them,  raise  only  Shanghai  fowls ;  but  this  is 
not  the  form  of  selection  by  which  these  divergent  races  were 
produced.  Again,  if  rats  should  supplant  mice  in  any  country, 
Bome  persons  might  call  it  natural  selection,  but  such  natural 
selection  would  modify  neither  rats  nor  mice.  On  the  other 
hand  if  certain  variations  of  mice  are  better  able  than  the  rest 
to  escape  their  pursuers,  they  will  leave  the  most  numerous 
offspring,  and  modification  of  species  will  commence.  Now  if 
we  turn  to  page  175  of  Mr.  Wallace's  book,  we  find,  that  in 
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the  illustrative  case  introdaced  by  him,  the  oommenoement  of 
the  cross-infertility  is  in  the  relations  to  each  other  of  two 
portions  of  the  species  partially  segregated  from  the  rest  1)j 
occnpying  a  definite  part  of  the  general  area,  and  partially 
segregated  from  each  other  by  different  modes  of  life.  Theee 
two  physiologically  segregated  local  varieties,  being,  by  the 
terms  of  his  supposition,  better  adapted  to  the  environment 
than  the  more  freely  interbreeding  forms  in  the  other  parts  of 
the  general  area,  increase  till  they  supplant  theee  orifiinil 
forml  Then,  in  some  Umited  portion  of  the  genendliei, 
there  arise  two  still  more  divergent  varieties,  with  gretler 
mutual  infertility,  and  therefore  with  still  lees  commin^n^  of 
the  two,  and  with  power  to  prevail  throughout  the  wEole 
area.* 

The  process  here  described,  if  it  takes  place,  is  not  modifict- 
tion  by  natural  selection,  but  a  supplanting  which  does  not 
produce  modification,  and  which  does  not  take  place  till  a  new 
and  complicated  adjustment  has  arisen  in  a  portion  of  the 
species  tnat  is  partially  segregated,  by  occupying  a  definite 
portion  of  the  area.  This  new  adjustment  introduces  two  new 
varieties,  each  with  unabated  fertility  with  the  other  variety; 
and  the  process,  or  principle,  by  which  it  is  reached  reoeivee 
no  explanation  in  the  section  we  are  now  considering;  bat 
from  what  he  says  on  page  184,  we  may  judge  that  his  only 
explanation  is  an  application  of  the  principle  of  Intensive  Seere- 

f ration,  more  especially  that  form  of  this  principle  whidil 
lave  described  as  the  effect  of  isolation  on  unstable  adjust- 
ments, but  which  Mr.  Wallace  has  rejected  as  untenable. 
Moreover,  in  the  supposed  case  pictured  by  Mr,  Wallace,  the 
principle,  by  which  the  two  forms  are  kept  from  crossing  and 
are  preserved  as  permanently  distinct  forms,  is  no  other  than 
that  which  Mr.  Bomancs  and  myself  have  discussed  under  the 
terms  Physiological  Selection  and  Segregate  Fecundity.  Not 
only  is  Mr.  Wallace's  exposition  of  the  divergence  and  the 
continuance  of  the  same  in  accord  with  these  principles  which 
he  has  elsewhere  rejected,  but  his  whole  exposition  is  at  vari- 
ance with  his  own  principle,  which,  in  the  previous  chapter, 
he  vigorously  maintains  in  opposition  to  my  statement  that 
many  varieties  and  species  of  Sandwich  Island  land  molluscs 
have  arisen  while  exposed  to  the  same  environment  in  the 
isolated  groves  of  the  successive  valleys  of  the  same  mountain 
range.  If  he  adhered  to  his  own  theory  "  The  greater  infer- 
tility between   the   two  forms  in   one  portion  of  the  area" 

*  This  brief  outline  of  the  method  by  which  Mr.  Wallace  thinks  crosa-infertilitf 
has  been  produced  and  accumulated,  though  given,  in  another  connectioD,  in  tnj 
article  on  UiUiiarianisin  as  Vie  Exclusive  Theory  of  Organic  EwduHtm  (this  Joo^ 
nal  July,  1890),  is  here  repeated,  that  the  correspondences  and  divergeDoeaintbe 
different  theories  we  are  here  discussing  may  be  better  apprehended. 
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'uld  be  attributed  to  a  difference  between  the  environment 
jsented  in  that  portion  and  that  presented  in  the  other  por- 
ns ;  and  the  difficulty  would  be  to  consistently  show  how 
8  greater  infertility  could  continue  unabated  when  the  varie- 
3  thus  characterized  spread  beyond  the  environment  on 
lich  the  character  depends.  But,  without  power  to  continue, 
3  process  which  he  describes  would  not  take  place.  In  order 
solve  the  problem  of  the  origin  and  increase  of  infertility 
tween  species  he  gives  up  his  own  theory  and  adopts  not 
ly  the  theory  of  Physiological  Selection  but  that  of  Inten- 
e  Segregation  through  Isolation,  though  he  still  insists  on 
lling  the  process  natural  selection ;  for  on  page  183  he  says, 
STo  form  of  infertility  or  sterility  between  the  individuals  of 
ipecies  can  be  increased  by  natural  selection  unless  correlated 
th  some  useful  variation,  while  all  infertility  not  so  correla- 
i  has  a  constant  tendency  to  effect  its  own  elimination.'* 
ren  this  claim  he  seems  to  unwittingly  abandon  when  on 

f3  184  he  says :  "  The  moment  it  [a  speciesj  becomes  separa- 
either  by  geographical  or  selective  isolation,  or  by  diver- 
y  of  station  or  of  habits,  then,  while  each  portion  must  be 
pt  fertile  inter  sCj  there  is  nothing  to  prevent  infertility 
Ising  between  the  two  separated  portions." 
Mr.  Wallace  adopts  these  two  fundamental  doctrines  of  the 
Bory  of  Divergent  Evolution  through  Segregation,  but  he 
es  not  apply  them  exactly  as  I  would.  Why,  for  example, 
ould  he  resort  to  the  supposition  that  when  the  two  diver- 
nt  varieties  occupying  the  extensive  area  are  everywhere 
mewhat  infertile  with  each  other  the  increase  of  that  charac- 
p  is  gained  07ily  in  a  limited  portion  of  the  area^  and  then 
reads  by  conquest?  Would  it  not  be  simpler,  and  at  the 
ne  time  truer  to  the  facts  of  nature,  to  assume,  that  the 
vergent  variety  can  not  arise  except  as  it  is  aided  by  some 
rm  of  positive  segregation,  preventing  free  crossing  with  the 
rent  stock ;  and  that  in  cases  where  this  prevention  is  only 
rtial,  any  cross-infertility  once  introduced  will  diminish  the 
amping  effect  of  the  crossing  that  occurs,  and  will  every- 
lere  tend  to  increase,  because  the  majority  of  each  generation 
the  pure  form  will  be  the  descendants  of  those  whose  cross- 
Fertility  was  above  the  average.  There  are,  moreover,  other 
rms  of  negative  segregation  equally  effective  with  cross- 
Fertility  and  Segregate  Fecundity.  It  often  occurs  that  when 
yregation  with  divergence  has  once  begun  to  show  itself,  the 
nations  that  are  most  fully  endowed  with  the  new  character, 
lough  less  adapted  to  the  new  mode  of  life  than  the  old 
rm  is  to  the  old  mode  of  life)  will  best  escape  both  the  severe 
mpetition  with  the  rest  of  the  species  and  the  swamping 
:ect  of  crossing.     In  time  the  pressure  for  food  becomes  as 
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great  with  the  new  form  as  with  the  old,  and  escape  from 
competition  ceases  Under  these  circumstances  either  the  mal- 
adaptation  or  the  infertility  of  the  hybrids  will  be  of  the  high- 
est importance  in  preventing  swamping.  But,  is  it  necessair 
to  suppose,  as  Mr.  Wallace  does,  that  the  infertility  will  dis- 
appear in  cases  where  the  hybrids  are  as  well  adapted  as  the 
pure  forms  ?  In  such  cases,  during  the  preliminary  period 
when  escape  from  competition  is  gained  most  fully  by  those 
most  fully  segregated,  there  will  naturally  be  a  rapid  accuma- 
lation  of  all  segregative  endowments;  but,  when  that  con- 
dition ceases,  there  will  still  be  a  suflScient  reason  for  the  con- 
tinuance, or  even  increase,  of  the  cross-infertility  in  the  fact 
that  more  than  half  of  each  generation  of  the  pure  form  will 
be  the  descendants  of  those  whose  cross-infertility  and  other 
segregative  endowments  are  above  the  average.  This  princi- 
ple is  one  form  of  what  I  have  called  Self-Camulative  Segrega- 
tion. 

This  law  of  self-accumulation  does  not  seem  to  apply  to 
cross-infertility  (or  to  any  other  form  of  negative  segregation) 
that  is  not  associated  with  positive  segregation.  Nor  is  it 
quite  clear  that,  when  unassociated  with  negative  segregation 
it  applies  to  positively  segregating  characters  (such  as  social 
and  industrial  instincts  that  lead  animals  of  one  kind  to  pair 
together,  and  the  prepotency  of  the  pollen  of  a  given  kind  on 
the  stigma  of  the  same  kind  securing  a  similar  result  for 
plants).  Wlien,  however,  characters  producing  positive  bat 
incomplete  segregation  are  associated  with  those  producing 
negative  segreication,  hotli  classes  of  characters  must  tend  to 
increase  till  the  segregation  becomes  pronounced.  x\s  soon  as 
this  point  is  reached,  the  Reflex  Selection,  by  which  the  differ- 
ent portions  of  the  species  have  been  kept  in  harmonious  rela- 
tions with  each  other,  is  suspended,  and  there  is  nothing  but 
the  force  of  heredity  to  hold  them  in  correspondence ;  but  the 
force  of  lieredity,  securing  this  corres|)ondence,  has  itself  lH?en 
created  hv  the  long  continued  Reflex  Selection,  and  when  this 
is  removed,  it  gradually  fails,  and  divergences  of  all  kinds 
multiply,  increasing  the  incompatibility  of  the  two  forms. 
Thus  arises  diversity  of  habits,  diversit^^  of  sexual  and  scK?ial 
instincts,  and  diversity  in  the  affinities  of  the  male  and  female 
element^;;  and  in  each  respect  this  diversity  tends  toward  the 
point  of  com|)lct(!  incompatibility. 

Positive  segregation  diminishes  the  amount  of  crossing,  and 
negative  segregation  diminishes  the  swamping  effect  of  cmss- 
in»^  wlien  it  occurs.  Xei^ative  se2:rei!:ation  mav  be  of  the  fol- 
lowiiii::  forms:  (I)  lack  of  fertility  of  first  crosses  and  of  the 
liyhrids,  which  I  call  Segregate  Fecundity;  (2)  lack  of  Vigor 
in  hybrids,  which  1  call   Segregate  Vigor;  {6)  lack  of  adapta- 
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I  in  hybrids,  which  I  call  Segregate  Adaptation  ;  (4)  lack 
^cape  irom  competition  in  hybrids,  as  compared  with  pure 
ns,  which  I  call  Segregate  Escape  from  Competition.  Of 
se  all  but  the  4th  were  considered  in  my  paper  on  "Diver- 
t  Evolution  through  Cumulative  Segregation,"  where  I 
eavored  to  show  that  in  their  cooperation  with  positive 
negation  they  were  parallel  factors  producing  similar  results. 
w  in  his  supposed  case  (pp  r*Sr^-9),  Mr.  Wallace  has  treated 

Segregate  Adaptation,  or  hybrid  maladaptation,  as  if  it 
•e  the  eflfective  factor  by  which  the  hybrid  infertility 
lone  enabled  to  increase  or  even  continue.  I  see  no  reason 
Y  this  should  be  so.  The  eflfectiveness  of  these  negative  fac- 
}  in  preserving  a  species  must  depend  on  their  being  asso- 
;ed  with  positive  segregation ;  but  the  effectiveness  of  any 
J  of  the  negative  factors  is  not  destroyed  by  the  absence  of 

others;  though  Segregate  Escape  from  competition  is, 
ier  ordinary  conditions,  confined  to  the  preliminary  stages 
divergence ;  and  may,  in  certain  cases,  be  the  necessary  con- 
ion  leading  to  the  other  forms  of  negative  segregation. 
!4r.  Wallace's  criticism  of  the  theory  of  physiological  Selec- 
Q  (pp.  180-3)  is  unsatisfactory ;  (1)  because  he  has  adopted 
>  fundamental  principle  of  that  theory,  on  pages  173-9,  in 
it  he  maintains  that  without  the  cross-infertility  the  incipi- 
;  species  there  considered  would  be  swamped ;  (2)  because 
assumes  that  physiological  selection  pertains  simply  to  the 
ertility  of  first  crosses,  and  has  nothing  to  do  with  the  infer- 
tj  of  mongrels  and  hybrids ;  (3)  because  he  assumes  that 
ertility  between  first  crosses  is  of  rare  occurrence  between 
5  species  of  the  same  genus,  ignoring  the  fact  that,  in  many 
xaes  of  plants  the  pollen  of  the  species  is  prepotent  on  the 
nna  of  tne  same  species  when  it  has  to  compete  with  the 
ilen  of  other  species  of  the  same  genus ;  (4)  because  he  not 
ly  controverts  Mr.  Romanes'  statement  that  cross-infertility 
en  affects  '*  a  whole  race  or  strain,"  but  he  gratuitously 
ames  that  the  theory  of  Physiological  Selection  excludes 
B  "racial  incompatibility"  which  Mr.  Romanes  maintains 
the  more  probable  form,  and  bases  his  computation  on  the 
amption  that  the  cross-infertility  is  not  associated  with  any 
•m  of  positive  segregation ;  (5)  because  he  claims  to  show 
it  "  all  infertility  not  correlated  with  some  useful  variation 
}  a  constant  tendency  to  effect  its  own  elimination,  while  his 
uputation  only  shows  that,  if  the  cross-infertility  is  not 
ociated  with  some  form  of  positive  segregation,  it  will  dis- 
pear ;  and  (6)  because  he  does  not  observe  that  the  positive 
jregation  may  be  secured  by  the  very  form  of  the  physiolo- 
»1  incompatibility.  Many  species  of  plants  may  be  pro- 
jBcaously  distributed  over  the  same  area,  and  still  be  com- 

Ul  Jouil  Soi.— Third  Sbribs,  Vol.  XL,  No.  240. — Deo.,  1890. 
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fletely  segregated  by  what  I  have  called  Potential  Begregatioo. 
n  other  words,  if  the  pollen  of  each  species  is  potent  only 
when  falling  on  the  stigma  of  the  same  species  then  the  spedei 
are  completely  segre^ted  thoagh  growing  in  the  same  arei 
Still  fnrtner  two  species  may  be  fairly  ferule  when  artificially 
crossed,  and  yet  be  completely  segregated  while  growing  to-  . 
^ther,  through  the  fact  that  tne  pollen  of  either  species  wlicn 
falling  on  its  own  stigma  will  be  prepotent  over  the  pollen  of 
the  other  species  even  thoagh  the  alien  pollen  has  fallen  npoo 
the  stigma  considerable  earlier.  This  I  nave  called  Prepoten- 
tial  Segregation.  Now  a  variety  that  is  segregated  from  the 
parent  form  by  prepotential  Segregation  and  erofls-infertility, 
will  neither  fail  of  propagating  nor  be  swamped  by  crosBing 
though  it  is  indiscnminately  mingled  with  the  parent  form. 
In  my  paper  on  "Divergent  Evolution"  I  have  referred  to 
this  special  combination  of  {positive  and  negative  segregatioii, 
produced  by  the  incompatibility  of  the  male  and  femue  de- 
ments, and  nave  endeavored  to  show  that  when  these  charae- 
terR  occur  together,  they  tend  to  increase  in  intensity  acoo^ 
ding  to  a  law  of  self-accumulation.  (Linn.  Soc  Jonr.  Zool.,  voL 
XX,  pp.  239-40,  259-60).  Without  here  entering  into  any 
computation,  it  is  evident  that  the  prepotencv  of  the  pollen  of 
each  kind  with  its  own  kind,  if  only  very  slight,  will  prevent 
croBS  fertilization  as  effectually  as  a  moderate  degree  of  in8tin^ 
tive  preference  in  the  case  of  an  animal,  and  if  segregate 
fecundity,  (i.  e.  cross-infertility)  is  added  it  will  tend  to  keep 
the  variety  from  the  swamping  effect  of  the  little  crossing  thi 
occurs,  and  tlie  variations  that  are  above  the  average  in  these 
characters  will  have  the  largest  influence  on  the  pure  form  in 
each  successive  generation. 

I  regard  Physiological  Segregation  as  including  all  kinds  of 
incompatibility  between  the  male  and  female  elements  of 
different  groups,  whether  these  groups  are  varieties  of  one 
species,  or  species  of  one  genus,  or  species  of  different  genera, 
or  species  representing  still  more  divergent  groups;  and  I 
maintain  that  the  importance  of  this  principle  in  the  origin 
and  continuance  of  divergent  groups,  cannot  be  exaggerated 
in  the  case  of  organisms  whose  fertilizing  elements  are  freely 
distributed  by  wind  or  water ;  for  in  these  cases  the  s^re^te 
compatibility  and  cross  incompatibility  of  the  male  and  female 
elements  may  be  the  means  by  which  the  prevention  of  free 
crossing  is  secured,  as  well  as  the  means  by  which  the  swamp- 
ing effect  of  the  crossing  that  occurs  is  prevented.  There  is, 
it  seems  to  me,  strong  reason  to  believe  that  this  principle  is  a 
leading  factor  in  the  segregation  of  multitudes  of  water  ani- 
mals, as  well  as  in  the  segregation  of  species  of  plants,  whether 
terrestrial  or  aquatic ;  and  Mr.  Bomancs  has  rightly  empha- 
'  the  importance  of  investigations  in  this  line. 
Concesaion,  Osaka,  Japan. 
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.  LVI. — The  Deformatin  of  Iroquois  Beach  and  Birth 
of  Lake  dntario;*  by  J.  W.  Spencer. 

PON  receding  from  the  lake  and  ascending  the  high  country 
;h  bounds  the  Ontario  basin,  an  observer  is  attracted  to  the 
derfully  plain  shore-lines  which  record  the  former  expan- 
of  the  waters.  The  terraces,  beaches,  scarps,  and  spits 
ss  the  mouths  of  valleys  clearly  represent  the  deserted 
es.  But  they  are  no  longer  horizontal  lines  as  when  laid 
n  at  the  level  of  the  former  waters.  As  distinctive  fea- 
3,  the  beaches  were  so  striking  as  to  attract  the  attention 
le  aborigines,  who  used  them  as  trails  across  an  otherwise, 
3times,  muddy  country.  The  early  white  settlers,  in  turn, 
them  as  highways  and  hence  we  find  the  "  ridge  roads " 
it  Ontario  as  well  as  about  the  upper  lakes.  But  the  recog- 
m  of  the  shore-like  characters  of  the  raised  beaches,  by  the 
/  writers^t  did  not  contribute  much  to  the  solution  of  the 
history. 

early  fifty  years  ago,  Professor  James  Hall  observed  that 
beaches  in  New  i  ork  were  not  horizontal.  But  Mr.  G.  K. 
►ert  was  the  first  who  surveyed  and  measured  the  deforma- 
of  the  beaches  upon  the  southern  and  eastern  margins  of 
3  Ontario,  and  the  writer  upon  the  Canadian  side  of  the 
to  beyond  Trenton,  whence  the  same  beach  swings  around 
irds  the  north  and  passes  into  a  broken  country.  The 
er  has  further  carried  the  survey  of  the  same  beach  about 
r  miles  beyond  Watertown,  the  limit  of  Mr.  Gilbert's 
rvations. 

liere  are  wide-spread  remains  of  old  shore-lines  at  altitudes 
igh  above  Lake  Ontario,  as  to  indicate  that  the  same  sheet 
ater  (Warren  water)  covered  also  the  basins  of  the  other 
higher  lakes.  After  the  dismemberment  of  this  greater 
t  of  water,  the  surface  of  that  occupying  the  Ontario-St. 
rence  valley  was  gradually  lowered,  and  fell  several 
Ired  feet,  without  pausing  long  enough  to  deeply  cut  out 
raighten  its  changing  shore-lines.  At  last,  this  shrinkage 
he  waters  came  to  a  pause  lasting  until  the  shore-line 
me  more  pronounced  than  that  of  the  modern  lake.  It 
is  shore-line  that  forms  the  basis  of  the  present  chapter, 
constitutes  that  water-margin  which  the  writer  has  named 

he  forerunner  of  thia  paper  was — "The  Iroquois  Beach,  a  chapter  in  the 
ppcal  Hisiory  of  Lake  Ontario" — was  6r8t  read  before  the  Philosophical 
,y  of  Washington,  .Jauuary,  1888  Proc.  Phil.  Soc.  for  1888,  and  was  subse- 
\y  amplified  and  published  in  full  in  the  Transactions  of  the  Royal  Society 
lada  for  18a9. 

or  refereuce  to  early  writers,  see  "  Iroquois  Beach,"  etc.,  Transactions  Royal 
y  of  Canada,  1889,  page  121. 
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the  ^^  Iroquois  Beach,"*  in   memory  of  the  aborigineB  who 
trailed  over  its  gravel  ridgea. 

The  general  stractnre  of  the  ancient  shore-lines  is  somewhat 
folly  described  in"  Ancient  Shores,  Boulder  Pavements,  etc^f 
but  let  us  here  repeat  some  of  the  characteristics.  Typically, 
then  ancient  beacn  consists  of  a  ridge  of  gravel  and  sand  rising 

,  sometimes   to    twenty-five 

feet  or  more  above  the  fron- 
tal plain,  which  further  de- 
scends lakeward  fas  in  fig. 
1.)  Back  of  tne  rid^ 
which  rarely  exceeds  a 
width  of  500  feet,  and 
usually  less,  with  a  verj 
narrow  crest,  there  is  often 
a  laffoon-like  depression. 
The  beach  may  be  broken  into  a  number  of  ridges  (ft  or  c).  The 
summit  marks  the  height  of  the  wave  action.    This  barrier  ridge 

2. 


3. 


may  become  a  terrace,  or  it  may  pass  into  the  form  of  a  spit 
across  some  valley  (A  or  &,  fig.  2).     Again  the  ridge  may  be 

wanting,  but  the  shore  will 
be  represented  as  a  cut  ter- 
race (fig.  8),  in  front  of 
which  a  bowlder  pavement 
may  frequently  be  seen  fP.) 
This  pavement  is  also  otten 
found  in  front  of  gravel 
beaches.  In  places  where 
the  former  waters  were 
gnawing  away  the  drift 
shores,  or  where  rocky  promontories  rose  out  of  deep  water,  true 
beach  structure  is  wanting,  or  only  represented  by  benches. 

*  The  name  was  first  priuted  in  Sdenoe,  Jan.  27th,  1888,  p.  49. 
f  By  the  writer,  in  Bulletin  of  the  Geological  Socie^  of  America,  vol.  i,  WK 
p.  71. 
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In  the  survey  of  the  Iroquois  Beach,  the  shore-line  has  been 
)llowed  by  one  or  another  of  its  characteristics,  even  across 
reafi  of  broken  physical  features.  The  altitude  of  the  highest 
dge,  where  the  beach  is  broken  up  into  a  series  of  ridges,  is 
lat  which  has  been  everywhere  taken,  for  it  is  the  one  giving 
lOBt  accurate  results.  No  elevations  have  been  adopted  except 
lose  of  the  summit  of  the  crests  (as  in  fig.  1),  or  of  the  spits 
it  A  or  J,  fig.  2).  The  measurements  consequently  represent 
le  maximum  height  of  wave-action,  in  place  of  the  mean  sur- 
ice  of  the  water,  which  was  a  few  feet  below.  The  writer's 
iveling  has  everywhere  been  done  instru mentally. 

The  coast  materials,  out  of  which  the  Iroquois  shores  have 
een  carved,  are  mostly  bowlder  clay,  or  stratified  clays  or 
inds,  deposited  upon  the  floor  of  the  lake  when  the  waters 
ere  at  higher  levels.  At  a  few  places  the  shores  rest  against 
aleozoic  rocks,  in  which  case  the  materials  of  the  gravel  beach 
•e  more  scanty,  as  the  pebbles  were  mostly  derived  from  the 
ony  drift,  or  there  may  be  an  absence  of  the  beach. 

Except  in  spits  across  old  valleys,  the  thickness  of  the  sand 
id  gravel  of  the  beach  does  not  usually  exceed  20  feet,  but  in 
ont  of  valleys  it  may  reach  a  thickness  of  100  feet  (A,  fig.  2). 
he  internal  structure  always  shows  stratification,  with  such 
Dping  and  false-bedding  as  are  characteristic  of  beaches. 

There  are  frequent  exposures  which  show  that  the  Iroquois 
each  rests  upon  stratified  stoneless  clay — the  silt  washed  into 
le  waters  when  the  waves  were  encroaching  upon  older  and 
^her  shore-lines,  and  assorting  the  bowlder  clay,  which,  at 
le  higher  elevations,  formed  the  coast.  Eastward  of  Water- 
wn,  the  beach  rests  upon  stratified  sand  in  place  of  clay,  as 
lere  was  but  little  stony  clay  in  the  drift  to  furnish  silt  for  the 
der  lake  floor 

From  near  Trenton  to  the  head  of  the  lake,  and  thence 
ound  the  southern  and  eastern  borders  to  near  Watertown, 
le  Iroquois  Beach  is  not  hard  to  follow ;  but  eastward  of  that 
>int  the  features  are  more  complex.  The  old  coast  of  stony 
ay  is  there  replaced  by  stony  drift  sand,  and  hence  there  is 
it  little  lithological  distinction  between  the  frontal  plain  and 
16  older  sandy  drift  shores.  Moreover,  such  a  coast  is  apt  to 
5  defaced  by  the  sand  being  heaped  into  dunes.  Again,  in 
le  region  beyond  Watertown,  the  Iroquois  Beach  is  inter- 
ipted  by  promontories  of  Paleozoic  limestones  and  shales, 
sing  out  of  deep  water,  upon  which  at  most  only  benches 
ere  cut.  Farther,  northeastward,  the  beaches  trend  among 
)ld  headlands  and  islands  of  crystalline  rocks.  Wave  action, 
hich  carves  broad  terraces  out  of  drift  materials,  can  cut  only 
oderately  well-marked  benches  out  of  limestones.  But  when 
16  same  intensity  of  wave  force  is  applied  to  hard  crystalline 
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rocks,  especially  when  intemipted  by  islands,  the  benches 
become  less  conspicuous  than  when  excavated  out  of  limestoneBf 
or  they  may  become  very  obscure.  Still,  upon  the  flanks  of 
the  Adirondack  Mountains,  the  Iroquois  Beach  can  be  followed 
and  identified  by  the  remains  of  barrier  ridges,  terraces,  bowlder 
pavements,  benches,  and  above  all  by  the  occurrence  of  spits 
across  old  valleys. 

Combining  the  surveys  of  Mr.  Gilbert  and  the  writer,  the 
position  of  the  Iroquois  Beach  is  shown  on  the  accompanying 
map. 


/<•" 
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The  following;  table   gives  tlie   elevation  at  salient  points 
alon^  the  Iroquois  Beach.     The  elevations  given  are  those  of 

Feet  above  the  b^. 

Lake  Ontario,  surface  of 247  (U.S.  Lake  Sumj> 

Hamilton 363  (Spencer). 

Burlinprton  Heights 355         •♦ 

Watord(»\vn  Station 365         *' 

Cooltsville  Station,  about 400         *» 

Carlton  Station 417         ** 

Kingston  Road,  crossing  railway  1 2  miles  east  of  Toronto,  459         '^ 

Whiibv.  G  miles  north  of  hike,  near 607         ** 

Oolbomo  Station,  2  miles  north  of 1 602         *• 

Trenton  SUttion.  2^  miles  north  of 682         " 

Lewist(»n,  X.  Y 385  (Gilbert). 

Rochester,     "      436  ** 

Canastota,      "      441  " 

Cleveland,      -      484  " 

Constantia,     "      489  " 

Richland,        '      663  " 

Adams  Centre 667  " 

Prospect  Farm,  4  miles  east  of  Watertown 730  (SpenoerX 

Natural  Bridge 829        " 

East  Pitcairn,  one  mile  northeast  of , 942        " 

Fine 972        " 
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crest  of  the  highest  ridge,  where  the  beach  is  broken  into 
amber  of  ridgelets,  having  sometimes  a  vertical  range  of 
nty-five  feet  or  more, 
^hns  we  see  that  the  Iroquois  Beach  has  been  deformed  to 

extent  of  609  feet,  between  the  western  end  of  Lake 
tario  and  Fine,  of  which  only  78  feet  of  rise  occurs  upon 
southern  side  of  the  present  lake,  while  the  great  propor-. 
I  of  the  uplift  is  found  west  and  northwest  of  the  Adiron- 
k  Mountains.  Upon  the  northern  side  of  the  lake,  the 
:ern  equivalent  of  uplift  is  more  pronounced.  At  the 
item  end  of  the  lake,  tlie  mean  maximum  uplift  is  1*60  feet 

mile  in  a  direction  of  N.  28°  E.  This  rate  increases  to- 
'ds  the  northeast.  To  give  a  mean  rate  of  rise,  at  the  eastern 
I  of  the  lake,  does  not  convey  a  correct  idea,  for  the  uplift 
reases  in  a  progressive  ratio.  Thus  in  the  region  of  Oneida 
:e,  the  uplift  is  3-5  feet  per  mile,  while  in  the  region  of 
.tertown  it  amounts  to  5  feet  per  mile ;  and  farther  north- 
!;ward  the  deformation  reaches  6  feet  per  mile,  in  the  direc- 
1  of  N.  60°  E.  This  seems  an  extraordinary  amount  of 
isurable  terrestrial  movement,  but  the  records  are  inscribed 
:he  beach.  It  is  not  yet  known  where  this  upward  move- 
nt ceases. 

Jpon  the  Erie  beaches,  outside  of  the  Ontario  basin,  Mr. 
bert  found  a  considerable  amount  of  warping  recorded  at 
ttenden,  N.  Y.,  over  the  horizon  at  the  western  end  of  the 
le  lake.  I  have  traced  the  Erie  beaches  around  to  the 
theastern  side  of  Lake  Michigan.  Combining  our  results,  I 
i  the  measured  uplift  between  the  two  regions  amounts 
324  feet.  But  the  beach,  where  last  observed  near  Lake 
3higan,  is  45  feet  above  its  surface.  Indeed,  it  is  there  dith- 
t  to  trace,  owing  to  the  druny  character  of  the  sandy  country. 

the  assistance  of  other  beaches  found  in  that  region,  the 
iclusion  is  readily  arrived  at  that  the  shore-line  under  con- 
eration  must  pass  from  40  to  60  feet  beneath  the  waters  of 
!  lake  at  Chicago.  It  is  then  evident  that  the  terrestrial 
lift,  between  Ciiicago  and  Crittenden,  amounts  to  not  less 
n  410  feet.  Crittenden  is  nearly  on  the  line  of  strike  of  the 
quois  beach  (S.  62°  E.),  at  its  lowest  point,  with  Hamilton, 
e  Erie  beaches,  eastward  of  the  Niagara  River,  were  do- 
med to  the  extent  of  0*4  feet  per  mile  before  the  Iroquois 
sode,  the  remainder  of  their  uplift  having  been  synchronous 
:h  that  in  the  Ontario  basin.  But  the  pre-Iroquois  differ- 
;ial  uplift  of  the  beaches  farther  west  is  reduced  to  almost 
o,  for  the  ])eaches  south  and  west  of  Lake  Erie  have  suffered 
•y  little  deformation.  Consequently  a  sufficient  amount  of 
:ormation  of  the  beaches  has  been  measured  to  allow  for  inac- 
•acies  when  we  take  the  elevation  of  the  Iroquois  Beach  above 
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the  sea  level  (363  feet),  as  the  amount  of  movement  that  most 
be  added  to  the  Iroquois  plain  in  order  to  represent  the  terra- 
trial  uplift  of  the  Ontario  basin  since  the  Iroquois  shore  wm 
formed.  Therefore,  it  is  apparent  that  tAe  great  Iroqum 
Beach  was  constructed  approximately  at  sea  level.  The  total 
amount  of  uplift  since  the  episode  will  then  be  the  height  of 
the  beach,  at  any  place,  measured  above  the  sea  level,  which, 
at  Fine,  is  972  feet. 

Were  the  Erie  beaches  recognizable  in  the  Adirondack 
wilderness  near  Fine,  they  would  be  found  at  altitudes  of  1600 
feet  and  more  above  the  sea.  But  this  is  a  calculation  outside 
of  our  subject,  which  is  based  upon  measurements. 

The  terrestrial  movements  recorded  in  the  beaches  have  not 
been  those  of  subsidence  towards  the  west,  but  of  uplift  to- 
wards the  east,  in  the  same  direction  as  those  changes  which 
have  left  unquestioned  marine  remains  deposited  at  high  alti- 
tudes in  the  St.  Lawrence  valley. 

One  focus  of  the  warping  about  the  western  end  of  Lake 
Ontario  and  about  Georgian  Bay  appears  to  have  been  in  the 
region  of  lat.  48°  N.,  long.  76°  W.  Another  focus  of  uplift  is 
somewhere  beyond  the  last  point  of  rise  measured  m  the 
Adirondacks.  Thus  the  axis  between  these  foci  appears  to 
coincide,  more  or  less,  with  the  old  Archsean  axis  of  the  conti- 
nent, as  suggested  by  Professor  Dana. 

The  uplift  of  the  Iroquois  Beach  has  been  since  the  episode 
of  the  uppermost  deposits  of  drift  or  till,  for  higher  and  older 
beaches  than  the  Iroquois  rest  upon  the  newest  stony  clays  of 
Ontario,  Michigan  and  other  slates.  The  Iroquois  Beach  rests 
upon  the  mud  floors  of  the  earlier  sheets  of  water  which  cov- 
ered the  till  deposits.  The  rate  of  northeastward  regional 
uplift  has  been  gradually  diminishing,  for  we  find  other 
beaches,  lower  than  the  Iroquois,  whose  rate  of  rise  is  much 
reduced  below  that  of  the  great  beach.  But  the  Iroquois  plain 
was  the  great  event  in  the  history  of  the  Ontario  basin. 

In  the  rising  of  the  land,  after  the  Iroquois  episode,  there 
were  pauses,  but  not  of  such  duration  as  to  permit  of  the 
formation  of  great  shore-lines  like  that  just  described.  After 
the  waters  had  fallen  about  two  hundred  feet  below  the 
Iroquois  plain,  there  was  a  conspicuous  rest.  This  is  recorded 
in  a  terrace  near  Watertown  at  535  feet  above  the  sea.  At 
Oswego,  we  find  a  beach  descending  to  near  water  level,  at 
about  1^5  feet  below  the  great  Iroquois  beach.  Farther  west- 
ward, it  passes  below  the  lake.  The  dip  of  the  Iroquois  Beach, 
between  the  region  of  Oswego  and  the  western  end  of  the  lake, 
is  al)out  78  feet ;  and  accordingly  we  should  find  the  remains 
of  this  younger  shore-line  (for  a  large  proportion  of  the  re- 
gional uplift  has  been  eflEected  since  its  formation)  submerged 
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66  or  70  feet  at  the  western  end  of  the  lake.  Behind  the 
odem  bars  and  beaches,  the  water  of  IroDdiquois  Bay  (a 
irrow  river-like  channel)  is  78  feet  deep ;  the  Niagara  River, 
J  feet ;  and  Burlington  Bay,  78  feet.  These  conditions  indi- 
ite  that  the  lake  covering  these  channels  was  at  one  time 
ithdrawn,  leaving  only  a  few  feet  of  water  in  the  rivers 
hieh  flowed  through  the  otherwise  dry  valleys.  Here,  then, 
front  of  the  bays,  submerged  or  buried  by  more  recent  accn- 
ulations  (upon  re-submergence),  is  the  position  of  this  lower 
jach  extending  westward  of  Oswego,  wnich  was  formed  at  a 
vel  now  70  feet  below  the  surface  of  the  western  end  of  the 
ke.  Indeed,  the  uniformly  narrow  Burlington  Beach  (&,  fig. 
I,  with  a  length  of  five  miles  across  the  end  of  Lake  Ontario, 
thus  easily  explained  as  having  originated  as  a  small  barrier, 
front  of  the  shallow  river,  flowing  down  the  Dundas  valley 
id  across  the  now  submerged  floor  of  Burlington  Bay.  Witn 
le  more  recent  backing  of  the  waters  of  the  lake,  this  bar 
•ew  to  the  proportions  of  the  modern  beach,  built  out  of 
aterials  derived  from  the  older  shores  and  not  from  river 
^posits. 

At  the  time  when  this  young  beach — now  beneath  the  lake 
-was  being  formed,  the  waters  had  receded  for  only  from 
iree  to  five  miles  from  what  are  now  the  western  shores  of 
ntario,  but  they  extended  farther  landward  than  at  present 
30n  its  northern  side,  as  shown  by  the  raised  beaches,  and  by 
le  absence  of  submerged  channels. 

The  Niagara  River  was  about  three  miles  longer  than  now, 
itting  its  way  over  a  projecting  point  of  shaly  rocks.  But 
lis  channel  is  at  present  filled,  and  is  again  further  submerged 
meath  the  lake. 

During  the  continued  rise,  the  waters  of  the  Ontario  basin 
ay  have  been  even  somewhat  further  shrunken  at  its  western 
Id,  and  the  waves  may  have  moulded  some  of  the  submerged 
carpments  upon  the  southern  side.  The  waters  upon  the 
uthern  side  could  have  nowhere  been  more  than  about  200 
et  below  the  present  level,  even  if  that  amount  of  shrinkage, 
hich  represents  most  of  the  barrier  holding  the  basin  above 
le  sea,  ever  obtained.  However,  no  important  geographical 
rent  is  recorded  in  any  of  the  possible  coast-lines  submerged 
levels  below  that  just  described. 

With  the  regional  uplift,  the  barrier  across  the  St  Lawrence 
dley  eventually  cut  off  free  communication  with  the  sea,  at  a 
»mmon  level.  This  uplift  has  continued  until  the  Iroquois 
each  now  rests  at  972  feet  above  the  sea  at  Fine,  and  the 
odem  lake  at  247  feet.  Thvs  the  modern  lake  had  its  hirth, 
his  warping  at  the  northeastern  end  of  the  lake,  during  the 
ter  and  since  the  Pleistocene  period,  has  been  enough  not 
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only  to  accoant  for  the  rocky  barrier  holdine  the  lake  abore 
the  Bea,  bat  to  account  for  all  of  the  buner  acroas  the  Bt. 
Lawrence  valley  doaing  the  ancient  baain  of  Ontario  to  a  depth 
of  nearly  500  feet  below  Bca  level.* 

In  the  Iroquois  Beach  no  shells  have  been  found.  Only  the 
remains  of  mammoth,  elk  and  beaver  have  been  met  witfa.t 
Consequently,  the  question  arises  as  to  the  freshness  of  the 
waters.  Not  far  from  the  eastern  end  o^  Lake  Ontario,  the 
remains  of  a  whale  were  found  at  460  feet  above  the  sea — at  an 
elevation  which  would  admit  of  the  free  access  of  oceanic  waften 
into  the  Ontario  basin4  StiU  no  other  marine  or  fredi-watff 
fossils  have  been  found  in  the  beaches.  It  therefore  ap- 
pears to  me  that  the  absence  of  such  orffanismB  speaks  no 
more  in  favor  of  fresh  water  conditions  than  of  braddthor 
even  salt  when  the  Iroquois  shores  were  being  formed;  and 
does  not  preclude  the  idea  of  free  communications  with  the 
sea  any  more  than  when  the  whale  came  landward  in  waters 
200  feet  higher  than  the  present  lake  surface.  Indeed,  I  look 
upon  the  Ontario -St  Lawrence  valley,  daring  the  Iroquois 
episode,  as  resembling  the  Gulf  of  Obi,  which  is  a  sheet  of 
water  from  40  to  60  miles  wide,  and  600  to  700  miles  long, 
into  which  so  much  fresh  water  is  discharging  as  to  render 
even  the  Arctic  Sea  for  sixty  miles  beyond  the  mouth  of  the 
^1f  so  fresh  as  to  be  almost  potabIe,§  and  sufficiently  fresh  to 
destroy  marine  life. 

The  only  dam  that  has  been  hypothecated  as  filling  the  St 
Lawrence  valley  is  that  of  a  glacier.     As  the  Iroquois  Beach  was 
at  sea  level,  no  dam  ought  to  be  required  to  hold  up  the  water, 
but  at  most  only  to  keep  out  the  sea.     However,  I  have  fol- 
lowed the  beach   for  sixty  miles  within  the  margin  of  the 
hypothecated  barrier  without  finding  the  traces  of  an  ending 
of  the  old  shore  markings  upon  the  confines  of  the  Adirondaci 
wilderness.     Even  the  coincidence  of  the  shallow  and  small 
channel,  discovered  by  Mr.  Gilbert,  connecting  the  Iroquois 
waters  with  the  sea,  by  the  Mohawk  valley,  or  of  the  broader 
and  lower  valley  of  Lake  Champlain,  does  not  prove  the  neces- 
sity of  a  former  barrier  across  the  St.  Lawrence  valley  anj 
more  than   the  narrow  channels  among  the  gigantic  islands 
north  of  Hudson  Bay  would  prove  the  former  presence  of  a  dam 
holding  in  the  waters  of  that  bay,  were  the  wnole  country  ele- 
vated.    For  a  glacial  dam  to  exist  across  the  Adirondacks,  even 

*  See  Origin  of  the  Basins  of  the  Great  Lakes,  by  .T.  W.  Spencer,  Q.  J.  G.  S.t 
vol.  xlvi,  Part  4.  1890. 

f  Col.  C.  C.  Grant  of  Hamilton  has  recently  found  other  vertebrate  remains, 
but  not  yet  determined. 

X  Sir  \V.  Dawaon.  Can.  Nat.,  vol.  x,  p.  385.  The  remains  are  in  the  Redpitb 
MuHeuni  at  Montreal. 

§  Nordenskjold  in  "Voyage  of  the  Vega,"  p.  140. 


Birth  of  Lake  Ontario.  451 

)  narrowest  point,  it  woald  need  to  be  50  or  60  miles  wide, 
had  no  greater  depth  than  the  water  north  of  Fine  nsed  to 

the  ice  would  need  to  be  thick  enongh  to  fill  ^  channel 
K)  feet.  But  as  the  differential  nplift  probably  continues 
ighout  the  Adirondack  region,  we  would  need  to  be  pre- 
[  to  accept  a  dam  of  at  least  1300  feet  in  thickness,  and  a 
red  miles  across.  Apparent  beaches  in  Vermont  at  2100 
ibove  the  sea  (Hitchcock),*  and  the  Post-Pleistocene  emer- 
3  of  Mt.  Desert,  observed  in  the  coastal  markings  to  its 
ait  of  1500  feet  (Shaler),f  increase  the  probability  of  our 
nal  uplift  continuing  throughout  the  Adirondacks. 
\j  waterproof  dam  in  front  of  the  Iroquois  Beach  would 
had  to  endure  throughout  the  long  period  of  its  forma- 

But  all  known  glacial  dams  are  small  and  evanescent 
the  one  suggested  as  closing  up  the  Ontario's  basin  would 
had  to  restrain  a  greater  sheet  of  open  water  than  that  of 
jm  Lake  Ontario,  receiving  not  merely  the  waters  of  the 
upper  lakes,  but  also  those  of  the  melting  of  the  hypothe- 

glacial  dam.  It  is  questionable  what  thickness  of  ice 
d  hold  in  the  waters,  for  the  modern  glacial  dams  of  Mt. 
Ilias  discharge  beneath  500  feet  of  ice  for  a  distance  of 
i  miles.:}:  As  soon  as  the  waters  fell  below  the  Mohawk 
t,  the  discharge  of  the  glacial  lake  ought  to  have  melted 
owered  the  ice  on  the  one  side  and  carved  out  terraces  on 
ther,  unless  the  river  were  50  to  100  miles  wide.  And  there 
erraces  upon  the  northern  side  of  the  Ottawa  valley,  as 
as  upon  the  flanks  of  the  Adirondacks. 
lere  seem  to  me  to  be  no  phenomena  in  the  later  lake 
ry  of  Ontario  necessitating  the  existence  of  a  dam  across 
3t.  Lawrence  vallev.  In  short,  the  Iroquois  water  was  a 
The  Adirondacks  and  New  England  formed  great 
is.  The  Iroquois  episode  commenced  almost  synchronous 
the  birth  of  the  Niagara  Falls.  And  the  history  of  Lake 
rip  records  interesting  and  great  changes  which  now  form 
iple  story. 

Geology  of  Vermont. 

Geology  of  Mt.  Desert.     Eighth  Annual  Report  of  U.  S.  Geol.  Surrey. 

Harold  Topham  in  Proc.  Roy.  Geog.  Soc,  1889,  p.  424. 
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Art.  LYII. — Etperiments  upath  the  Canetitutian  cf  the  N^ 
wral  SUicatee ;  by  F.  W.  Clabkb  and  E.  A.  SomneiDiB. 

[Gonfeinued  from  p.  416.] 

6.   The  Vermieulites. 

Of  this  interestin^i;  ^^^^P  ^^^  examples  were  stadied ;  the 
well-known,  typical  je&risite  from  Westchester,  PenDsykanii, 
and  the  kernte  from  near  Franklin,  Maoon  Conntf,  North 
Carolina.  The  latter,  presented  to  ns  by  Prol  F.  A.  Geoth, 
was  part  of  his  orif^nal  sample,  and  the  analysis  agrees  well 
with  Chatard's.     Analyses  as  follows,  on  air-dried  materiiL 

JeffiBiisite.  Eeirite. 

SiO 34-20  38-13 

Al,6, 16-68  11-22 

Fe,0, 7-41  2-28 

FeO 1-13  -18 

NiO -48 

CoO trace 

MgO 20-41  27-39 

H,0  (ignition) 21-14  20-47 

100-87  100-16 

H,0  over  H  SO, 10-56  9-62 

11,0  at  105*^ -24 

H,()  at  250*'-;^o0**.-.       4-20  4-10 

H,0  at  red  heat 6-18  6  27 

H.O  at  white  heat  ..         -20  24 


s 


Here  the  water  falls  into  three  sharply  defined  parts;  one, 
lost  by  drying  over  sulphuric  acid,  very  loosely  held ;  a  second, 
water  of  crystallization,  lost  below  300  ;  and  the  third,  consti- 
tutional water. 

By  dry  hydrochloric  acid  gas  the  minerals  were  little  affected 
The  data  are  as  follows,  for  383^-412.^ 

Jefferisite.  ICerrite. 

Hours  heated 32  32 

MgO  removed ~3-98  3M6 

RjOj  removed 1*38  -09 

By  aqueous  hydrochloric  acid  both  of  the  vermieulites  were 
easily  and  completely  decomposed.  By  ignition,  however, 
with  fusion  in  the  case  of  the  kerrite,  they  were  split  up  into 
soluble  and  insoluble  portions.  In  the  kerrite,  after  tusion, 
only  10*64:  per  cent  of  magnesia  and  3*75  of  sesquioxides  were 
removable  by  aqueous  hydrochloric  acid,  but  nothing  more 
could  be  determined  for  want  of  material.  The  jenerimte, 
after  strong  ignition,  and  subsequent  digestion  with  the  add 
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three  days,  gave  51*08  per  cent  of  insoluble  residue.  From 
B,  soda  solution  extracted  21*54  of  silica,  leaving  29*64  per 
It  of  an  nndecomposed  silicate.  This,  analyzed  independ- 
Jy,  contained 

SiO, 4608 

Al,03 22  82 

Fe.Og 10*01 

MgO 21*48 

99-39 

Bnce  the  ratios  SiO,  :R,0,  :MgO=75  :29:54;  which  corre- 
ond  nearly  to  a  mixture  of  Al^SiO^  with  Mg,Si,0,.  As  to 
e  real  nature  of  this  residue,  we  can  only  offer  the  foregoing 
ggestion  as  a  plausibility.  Positive  knowledge  is  lacong. 
tie  vermiculites.  however,  are  alteration  derivatives  of  the 
icas;  and  by  their  metamorphosis  kyanite,  fibrolite,  or  anda- 
site  may  be  generated  naturally.  Geologically,  the  sugges- 
)n  is  worthy  of  consideration. 

Now,  from  the  two  analyses  we  get  the  subjoined  molecular 
tioa 

Jefferisito.  Kerriie. 

SiO, '610  -636 

R.O, -209  *124 

RO *526  *694 

H,0,  over  H,SO, *687  -624 

H,0,  260°-300° *233  *226 

H,0,  constitutional '355  *363 

3iice  the  empirical  formulae 

Jefferisite R'",.R"„H,,Si.,0„,  -h  82H,0 

Kerrite R'",,R"..H„Si„0.„  +  75H.O 

From  the  jefferisite  gaseous  hydrochloric  acid  removed  10 
ym&  of  magnesia,  and  from  the  kerrite  8  atoms.  Taking 
is,  hypothetically,  as  MgOH,  we  have 

Jefferisite ....  R-,.R"„(MgOH),„H.,(SiO,)„0„  +  82H  O 
Kerrite R-,,R"„(MgOH),H.,(SiOJ„0,  +  75H,d 

The  small  excess  of  oxygen  in  these  expressions  needs  to  be 
counted  for.  To  regard  it  as  forming  the  group  AlO,  bow- 
er, is  impracticable ;  for  then  the  residual  aluminum  atoms 
>uld  be  less  than  one-third  the  silicic  groups,  which  is  inad- 
iBsible  under  the  mica  theory.  The  simplest  interpretation 
follows :  In  the  clintonite  group  the  general  formula 


j^////q>R" 
^SiO^^R'a 

ems  to  apply.    If  we  treat  the  excess  of  oxygen  in  the  two 
urmiculites  as  pertaining  to  molecules  of  this  order,  the  com< 
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poBition  of  both  minerals  rednoee  to  yeiy  simple  terms ;  om 
term  being  a  normal  hydro-mica.  In  the  Jefferisite  we  havs 
approximately  A10,MgSiO,R',  .8H,0 + Al,(SiO  J,Mft  H^  8H,0 ; 
or  a  mixture  in  equal  ratios  of  a  hydro-clintonite  and  a  hydro- 
biotite,  the  alkalies  bein^  replaced  by  hydrogen,  and  B'  beiDg 
in  part,  about  one- third,  liigOH.  The  greatest  anoertaintj  ii 
in  the  loosely  combined  water,  which  is  probably  analogoiu  to 
the  water  in  laumontita     Two-thirds  oi  the  SH^O  is  of  tlus 

S{>e ;  the  remaining  one  molecule  beine  given  off  below  800". 
ried  at  100^  the  salts  become  monohydrated.  Bedacing  the 
bases  of  the  analysis  to  terms  of  alumina  and  magnesia  we  get 
the  following  comparison  with  the  formula : 

Fonnd.  GalciilAtod. 

SiO 34-97  34-00 

Al.O,. 21-91  21-67 

MpO ',...  21-61  22-67 

H,0  constitutional  .,  6-62  6'87 

H,0,  260*-300*' 4-80  5-10 

H,0,  over  H,SO^ 10-79  10-19 

10000  100-00 

The  concordance  here  is  less  perfect  than  in  the  previoufl 
cases,  but  for  obvious  reasons.  First,  the  uncertainty  in  the 
water  has  already  been  mentioned.  Secondly,  the  actual  ratio 
between  the  cliutonite  and  biotite  molecules,  as  deduced  from 
the  empirical  formula,  is  not  1 : 1  but  18  :  15.  Finally  the  ob- 
served MgOH  is  a  little  less  tban  one-third  R',.  Still,  consid- 
ering the  character  of  tbe  mineral,  the  agreement  between 
analysis  and  theorv  is  as  close  as  could  be  expected. 

For  kerrite,  uniting  the  univalent  factors,  the  formula  be- 
comes 

R"'„R"„R'„(SiO,)„0, .  75H,0 

This,  very  nearly,  is  equivalent  to 

A10,MgSiO,R'3.  3H,04- Al(SiO,)3Mg,H,.  3H,0, 

commingled  in  tlie  ratio  of  1 : 5,  with  two-thirds  of  R',  being 
MgOH.     The  second  term  in  this  mixture  is  a  hydrous  phlogo- 

Calculated. 
Found.  As  giveu.      As  a  phlogopite. 

SiO      38-51  38-33  41-66 

Al.Oa 12^-79  12-38  11-84 

MgO 28-02  29-12  27-77 

H/),  constitutional-..  6*61  6-56  6*26 

11,0,  at  250° -300° 4-35  4*37  4-16 

H,0,  over  H,S0^ 9-72  875  8*32 

100-00  100-00  100-00 
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pite ;  and  here  again  we  have  trihydration,  with  two  molecules 
of  water  loosely  held  and  the  third  more  firmly  combined.  In 
this  case  we  may  compare  the  analysis,  reduced  to  alumino- 
magnesian  form  and  100  per  cent,  both  with  the  formula  given 
above  and  with  that  of  the  hydrous  phlogopite  taken  sepa- 
rately. 

This  comparison,  which  is  in  the  main  satisfactory,  makes  it 
perfectly  clear  that  kerrite  is  essentially  a  trihydrated  phlogo- 
pite, with  the  alkalies  replaced  by  hydrogen.  The  analogies 
oetween  kerrite  and  jefferisite  are  perfectly  clear,  and  both 
minerals  become  monoliydrated  by  exposure  over  sulphuric 
acid.  It  is  our  intention  to  examine  several  other  vermiculites 
in  the  near  future,  and  we  believe  that  all  of  them  will  be  easy 
to  interpret  with  the  aid  of  the  evidence  already  gained. 

I^iiial  considerations. — In  the  foregoing  pages  we  have 
shown  conclusively  that  gaseous  and  aqueous  hydrochloric 
acid  differ  widely  in  their  action  upon  magnesian  silicates. 
We  have  also  endeavored  to  show  that  in  this  group  of 
minerals,  the  gaseous  acid  attacks  only  that  part  of  the  mag- 
nesium which  is  present  as  the  univalent  group  — Mg — OH ; 
■and  although  the  proof  is  far  from  complete,  the  evidence  in 
favor  of  our  view  appears  to  be  cumulative.  In  the  first  place 
olivine,  which  cannot  contain  hydroxyl,  is  almost  unattacked 
by  the  gas  in  the  range  of  temperatures  studied.  Secondly, 
serpentine,  which  must  contain  MgOH,  is  attacked  propor- 
tionally to  the  excess  of  oxygen  over  the  ortho-silicate  ratio. 
The  results,  to  be  sure,  are  only  approximations  to  quantitative 
accuracy,  but  they  are  uniform  enough  to  warrant  our  conclu- 
sion. Finally,  ripidolite  behaves  like  serpentine,  and  gives  an 
analogous  formula :  while  the  micas,  which  presumably  contain 
little  or  no  hydroxylated  magnesia,  are  but  slightly  affected. 
All  the  evidence,  so  far,  converges  to  the  one  conclusion ; 
which  has  at  least  the  status  of  a  legitimate  working  hypo- 
thesis. All  the  hydrous  silicates  so  far  examined  are  not  alike 
in  their  behavior  towards  the  reagent,  but  only  those  are 
attacked  by  it  in  which  there  are  strong  reasons  for  assuming 
the  presence  of  the  basic  MgOH. 

In  the  course  of  the  investigation  certain  collateral  questions 
have  arisen  which  have  been  the  subject  of  experiment.  For 
instance,  in  the  action  of  gaseous  hydrochloric  acid  upon  sili- 
cates may  not  insoluble  oxychlorides  be  formed,  which  would 
escape  notice  in  the  analysis  of  the  soluble  portion?  To 
answer  this  question  the  residues  were  in  several  cases  ex- 
amined, and  found  to  be  practically  free  from  chlorine. 
Traces  only  of  chlorine  were  retained,  insufficient  to  modify 
our  ratios.  Furthermore,  precipitated  and  ignited  magnesium 
oxide,  heated  at  498^-527°  in  gaseous  hydrochloric  acid  was 
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almost  qaantitatively  converted  into  chloride,  showing  the 
stability  of  the  latter  in  a  stream  of  the  dry  gas.  94*13  per 
cent  of  the  required  chlorine  was  taken  up  by  the  oxide,  so 
that  the  possible  formation  of  oxychlorides  in  our  experimeDto 
may  be  fairly  left  out  of  account. 

Similar  experiments  with  brucite,  however,  gave  appareotlj 
anomalous  results.  The  mineral  examined  was  typical  ma- 
terial from  Texas,  Lancaster  County,  Pennsylvania,  which  was 
first  analyzed  and  subjected  to  dehydration  estimations.  The 
data  are  as  follows  : 

MgO 67-97 

FeO undet 

MnO   -97 

Fo,0,. -39 

H,0 30R1 

10014 

Water  lost  at  105** -18 

"            ''      260° •4tJ 

"            "      383°-412^  2  hours, 7*67 

"            "            "            3      "       more 19-37 

"            "            "            2      "          "      -06 

"             "      498°-527^  1      "       -23 

"            "            **            1      "       more none 

"            "     full  ignition 294 

The  greater  part  of  the  water,  therefore,  nine-tenths  of  it, 
is  lost  at  about  400°  C,  but  is  given  off  somewhat  slowly. 

Heated  for  28  hours  to  388°-412°  in  dry  hydrochloric  acid 
gas,  constant  weight  was  not  attained ;  but  at  this  point  the 
experiment  was  stopped,  and  only  10  33  per  cent  of  the  mag- 
nesia had  been  converted  into  chloride,  or  a  little  less  than  one- 
seventh  of  the  total  amount.  Several  other  experiments,  at 
temperatures  ranging  from  200°  to  500°  gave  similar  resulta, 
all  low,  and  in  no  case  was  more  than  one-fifth  of  the 
required  chlorine  absorbed.  At  the  higher  temperature,  4^8^ 
to  527°,  the  reaction  went  farthest,  and  the  absorption  of 
chlorine  was  still  going  on  at  a  very  slow  rate.  In  this  case, 
the  brucite  must  have  become  almost  dehydrated ;  but  the 
oxide  so  formed  was  different  in  its  behavior  from  the  precipi- 
tated oxide  previously  examined.  The  difference  may  have 
been  due  to  physical  causes,  such  as  a  different  degree  of  com- 
pactness in  the  material ;  but  it  is  doubtful  whether  that  sup- 
position would  fully  account  for  the  anomaly.  Probably 
magnesium  hydroxide,  like  other  hydroxides  investigated  by 
Carnelley  and  Walker,*  undergoes  progressive  dehydration 
through  a  series  of  stages ;  each  step  being  attended  by  a  poly- 

*  Jour.  Chem.  Soc.,  liii,  p.  69,  1888. 
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aerization  of  the  residue.  An  oxide  so  formed  might  con- 
eivably  be  more  stable  than  the  oxide  with  which  we  previ- 
usly  worked ;  at  all  events,  the  two  are  not  necessarily 
ientical.  As  regards  the  bearing  of  these  data  upon  our 
ilicate  work,  we  can  hardly  oflFer  satisfactory  conclusions. 
►till,  magnesium  saturated  by  hydroxyl  is  quite  differently 
ombined  from  magnesium  whicn  is  but  half  saturated  with 
iat  radicle,  and  in  the  mixed  union  in  a  silicate,  the  polymeri- 
ation  attending  dehydration  above  referred  to  could  hardly 
ccur.  We  are  inclined  to  believe,  on  the  whole,  that  MgOH 
1  a  silicate  has  a  lower  order  of  stability  towards  gaseous  HCl 
ban  the  compound  Mg(OH), ;  but  this  point  remains  to  be 
roved.  We  hope  to  continue  this  investigation  among  other 
ilicates ;  and  we  feel  confident  that  the  data  so  far  obtained 
ave  value  quite  independently  of  our  conclusions. 

LaboratOTj  U.  S.  Greological  Survey,  Washington,  July  7,  1890. 


Irt.  LVIII. — Eitdtalyie  and  EucoUtefrom  Magnet  Cove^ 
Arkansas ;  by  J.  Fkancis  Williams. 

[By  permission  of  the  Geological  Survey  of  Arkansas.] 

Eudialyte, — As  long  ago  as  1861  Professor  C.  U.  Shepard* 
iscovered  small  nodules  of  a  brilliant  crimson  mineral  in  the 
eldspar  of  the  elseolite  rock  of  Magnet  Cove,  Arkansas.  He 
t  first  supposed  this  mineral  to  be  corundum,  but  after 
38ting  its  hardness  (which  he  found  to  be  less  than  6"),  and 
beerving  that  it  gelatinized  with  hydrochloric  acid,  he  decided 
bat  it  was  eudialyte  From  that  time  the  occurrence  of  this 
lineral  in  Arkansas  has  been  mentioned  in  most  text-books  of 
lineralogyt  on  Professor  Shepard's  authority,  but  not  until 
ery  lately  has  the  subject  been  revived.  During  the  last 
ear  William  J.  Kimzey  of  Magnet  Cove  has  found  a  mimber 
f  good  crystals  and  also  a  considerable  quantity  of  the  nodular 
laterial.  Hidden  and  Mackintosh  have  published  a  note  in 
bis  Journal,:]:  in  which  they  describe  this  nodular,  rose-red, 
early  transparent  mineral,  and  state  that  it  is  probably  eudia- 
(Tte,  and  identical  with  that  discovered  by  Shepard. 

During  a  recent  visit  to  Magnet  Cove,  in  the  interest  of  the 
reological  Survey   of   Arkansas,   I  was  fortunate  enough  to 

♦  This  Journal,  II,  xxxvii.  405,  1864. 

t  System  of  Mineralogy,  J  D.  Dana.  6th  edition,  p.  249.  Lehrbuch  der  Min- 
'alogpe,  G  Tschermak.  2d  edition,  p.  522.  Elemente  der  Mineralog^e,  Nau- 
ianu-Ziri<el      liMh  edition,  p.  745.  etc. 

X  Am.  Jour  of  Sci .  Ill,  vol.  xxxviii,  494,  1889. 
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obtain  Bome  very  ffood  speciiiienB  of  this  rare  mi|ieral,  aevenl 
of  which  were  well  adapted  for  crystallqeraphic  meaaareineDi 
Through  the  kipdnesa  of  Meesra.  W.  £.  Hidden  of  New  Toik 
and  C.  S.  Bement  of  Philadelphia,  I  was  enabled  to  measure 
two  other  crystals  from  this  locality,  which  were  espedilly 
interesting. 

The  crystals  that  I  have  seen  from  this  region  range  from 
3  to  18'°'"  in  diameter  and  are,  for  the  moat  part,  thick  tabulir 
parallel  to  the  base.  They  are  transparent  to  aemi-transparent 
and  in  color  vary  from  rose-red  to  deep  crimaon.  Qea?a« 
parallel  to  tlie  base  is  indistinct,  and  the  crystals  appear  to  be 
traversed  by  irregular  cracks  in  all  directions.    The  deavage 

Cllcl  to  ^R  and  jS,  as  noted  in  the  Greenland  eadialvte, 
disappeared  almost  entirely  from  these  cryatala.  The 
surface  of  the  crystal  is  in  some  cases  covered  by  a  yellowiBh 
coating  of  altered  material ;  this,  however,  does  not  appear  to 
diminish  its  brilliancy,  bat  when  it  occurs  on  the  baae  inereiseB 
the  luster  to  mother  of  pearl. 

The  crystals  may  be  divided  according  to  their  form  into 
two  classes :  first,  those  in  which  the  negative  rhombohedrou 
predominate,  and  second,  those  in  which  the  poaitive  ones  tie 
the  larger.  In  general,  the  crystals  are  terminated  above  tad 
below  by  hexagonal  basal  planes,  but  these  occasionally  become 
triangular  or  disappear  entirely.  The  most  satisfactory  ciyBtil 
for  the  measurement  of  angles  was  one  of  only  about  2^  in 
its  greatest  diameter  and  of  half  that  thickness.  This  cmtil 
belongs  to  that  grouj)  in  which  the  negative  rhombohedroiM 
predominate,  and  is  shown  in  fig.  1.     The  measurements  from 

this,  combined  with  those  from  several 
other  crystals,  are  given  below,  and  after 
each  measured  angle  the  extreme  variation 
from  the  mean  is  appended. 

The  axial  ratio,  as  calculated  from  meas- 
urements, made  on  three  very  good  crystals,  of  the  aogle 
between  the  base  and  the  largest  rhombohedron,  ^\R^  is 
found  to  be  ^/ re*  =  1:2"  1174.  As  this  is  deduced  from  a 
mean  of  not  less  than  ten  angles,  none  of  which  varied  more 
than  25  seconds  from  the  mean  angle,  50^  43'  6",  it  is  evident 
that  it  cannot  be  far  out  of  the  way  for  the  Arkansas  variety 
of  eudialyte.  Brogger  in  his  splendid  work,  "  Die  Mineralien 
der  Syenitpeginatitgjinge  der  oiidnorwegischen  Angite-  and 
Nephelin -syenite,''*  considers  the  latest  measurements  of  von 
KoKscliarow  f  the  most  correct  for  eudialyte.  Von  Kokscha- 
row  gives  a: 6'=  1:2' 1129,  which  differs  but  little  from  the 

*  W.  C.  Brogger.  Zeitsclirift  fur  Kryst.  und  Mineral,  xvi,  p.  49S,  1890. 
f  Von  Kokfioharow,  Verbandi.  der  kaia.  russ.  min.  Gesellachaft  su  St  Pste'*' 
burg,  II,  xiv.  205,  1879. 
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iinarily  accepted  figures,  a:c  =  1 :21117,   while  the  value 

r  the  Arkansas  variety  is  considerably  larger. 

The  following  faces  have  been  observed  and  measured : 

c  =0/?(000l),  a=<xP2(ll50),  i?=+i?(10ll), 


d- 

Facet. 

-i/?(0112),  w=: 
Mean  angle. 

-2i?(022I). 
Calculated. 

Variation. 

Von  Kokach. 
Calcolaied. 

rf,  (0001):(0ll2) 

60**  43'    6" 

50°  43'    6" 

0'24'' 

50°  38' 

B,  (0001):(10ll) 

67    63    48 

67    45    24 

3    12 

67    42 

11,  (0001):  (0221) 

78    25 

78    26    35 

10    30 

78    25 

a,  (0001):  (1120) 

89    56* 

90      0 

0    15 

90      0 

ci,(10l2):(ll50) 

47    49    30 

47    54    29 

4   30 

47    58 

d,(10i2):(0ll2) 

84    21 

84    11      2 

1  reading 

84     4 

The  variation  of  these  angles  and  of  the  axial  ratio  from 
ose  of  von  Kokscharow  would  suggest  some  corresponding 
nation  in  the  chemical  composition,  and  it  is  probable  that 

analysis  on  which  Mr.  Hidden  is  engaged  will  bring  out 
is  diflference. 

An  excellent  example  of  that  class  of  crystals  in  which  the 
fiitive  rhombohedrons  predominate  is  found  in  a  small  speci- 
3n — not  more  than  4°"  in  its  greatest  diameter — loaned  me 
'  Mr.  C.  S.  Bement.  This  is  stown  in  fig.  2.  In  this  crystal 
e  face,  ■\-R  (lOll),  is  so  over-devel- 
•ed  that  all  the  rest  of  the  faces  seem 
^arfed  by  it.  At  the  first  glance,  and 
fact  until  the  crystal  is  carefully  incas- 
ed, this  large  face  would  be  mistaken 
p  the  base,  and  the  fact  that  opposite 

it,  the  crystal  is  terminated  by  a  six- 
led  pyramid  would  seem  to  support  this  view. 
The  crystal  is,  in  reality,  to  be  placed  as  shown  in  the  cut, 
d  the  faces,  which  make  up  the  front  of  the  crystal,  are  des- 
lated  by  the  same  letters  as  in  the  preceding  figure.  The 
ses  forming  the  back  are  for  the  most  part  composed  of 
own  forms  in  oscillatory  combination.  Besides  these  well 
own  faces  a  large  number  of  new  ones  appear,  of  which, 
wever,  only  a  few  are  large  and  sharp  enough  to  be  worthy 
special  mention.  The  most  important  of  these  forms  are  as 
lows : 

-^/?(0.3.3.  11).  iff(10l4),  J/?  (1015)  and  -fi?5  (2303). 

The  angles,  measured  as  nearly  as  possible,  were  as  follows: 


Angle. 

Mea8atcd. 

CalcnlRted. 

OR: 

-■h^y  (0001):(0-3-3-ll) 

33"  64' 

33"  41'  62' 

OR: 

\R,  (0001):  (lOU) 

31    54  (±30') 

31    26    12 

OR: 

\R,  (0001):  (1015) 

25    59    33" 

26      3    35 

The  faces  at  the  back  of  the  crystal  lying  in  the  vertical 
ae  and  beginning  at  the  top  are:  0^,  QnOl;  — ^^f/?,  3'0'3- 11; 

^  Brogger,  1.  a,  measured  this  angle  on  Norwegian  eucolite  as  89**  58'  30". 
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-i^,  1018  (Ift^);  *-&^9  lOim;  (point  at  lMck)2J?,  lOlii; 
^H,  10  Li  (large  but  dull) ;  \JSj  I0l5  and  OJS,  OOOl  (bottom). 

The  right  and  left  incline  zonea  at  the  back  are  made  np  of 
the  following  faces ;  jS,Ollland  IlOl;  the  prisms  ai^ll90 
and  2110;  (point  at  back)  -iJSy  1102  and  OUS.  The  smill 
zones  lying  back  of  a  ( cxP2,  ISlO  and  iSlO)  are  made  ap  oft 
recurrence  of  the  prisms  with  the  scalenohedrons  — 1^25,  ^idS 
and  6323  (determinable  only  through  zone  relationa) 

In  order  to  make  sare  that  the  crystal  was  properly  plieed 
and  the  faces  correctly  determined,  it  was  imbeddeil  in  a  short 
piece  of  glass  tubing  Inst  large  enoo^h  to  hold  it,  and  whieh 
was  filled  with  Canadfa  balsam.  This  was  then  placed  on  tn 
object  glass  and  a  thin  glass  cover  placed  over  it.*  The  ont- 
side  of  the  glass  tabe  was  covered  with  black  paint,  in  order  to 
cnt  off  any  side  reflections,  and  the  preparation  was  then  enm- 
ined  under  the  polariscope.  Owing  to  the  thicknees  and  irr^ 
larity  of  the  crystal,  the  black  cross  was  not  very  plain,  bot  it 
was  evident  on  revolving  the  stage  of  the  polariscope  that  there 
was  no  extinction  such  as  was  omerved  when  the  ciystel  wv 
placed  in  any  other  position. 

The  specific  gravity  is  comparatively  low  and  lies  betweea 
2*804  and  2*883  at  IS""  C.  These  values  were  obtained  from 
those  crystals  which  were  measured,  and  the  lowest  was  thit 
of  the  crystal  figured  in  No.  2.  The  determination  was  made 
by  means  of  a  cadminm-borotnngstate  solution,  in  which  the 
crystals  were  placed  and  which  was  then  brought  to  such  a 
density  that  tne  mineral  remained  suspended,  neither  rising 
nor  sinking.  The  specific  gravity  of  the  solution  was  then 
determined  by  means  of  a  12  cc.  pycnometer. 

Thin  section^  cut  at  right  angles  to  the  vertical  axis,  show 
in  parallel  light  a  pink  color,  and  between  crossed  nicols  remain 
perfectly  dark  during  a  complete  revolution  of  the  stage.  In 
convergent  polarized  light  such  sections  show  a  wide  black 
cross  which  sometimes  opens  a  little  owing  to  slight  optical 
anomalies,  but  no  colored  rings  appear.  Both  tne  double 
refraction  and  the  index  of  refraction  are  weak.  The  index  i« 
lower  than  that  of  Canada  balsam  and  the  surface  of  the  section 
appears  smooth.  The  character  of  the  double  refraction  is 
positive.  By  sinking  the  polarizer  and  the  converging  lens, 
the  irregular  cleavage,  which  lies  approximately  parallel  to 
Ji?  (10l4),  becomes  visible. 

The  mineral  is  comparatively  free  from  inclusions  for  a 
crystal  which  was  formed  as  late  in  the  period  of  solidification 
of  the  rock  as  this.     Magnetite  and  segyrite  or  acmite  are  the 

*  Since  makinf;^  this  experiment  I  have  received  ProfesMf  0.  Klein'i  ezhanitiT* 
)r  on  this  metliod  of  examining;  crystals  without  cutting  them.    SitsongriMf' 
rUn,  xviii,  p.  347,  1890. 
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ily  inclnsioDs  which  have  been  observed.  It  appears  as  if 
metimes  eudialyte  and  sometimes  orthoclase  was  formed 
•st,  for  first  one  and  then  the  other  is  foand  in  idiomorphic 
ystals.     On  the  whole  the  eudialyte  appears  to  be  the  earlier 

the  two.     Decomposition  takes  place  very  rapidly. 
Sucolite, — According  to  Brogger,*  all  those  crystals  which 
.ve  the  form  of  eudialyte,  and  essentially  its  chemical  corapo- 
ion,  but  negative  double  refraction  in  place  of  positive^  are 

be  considered  eucolite.  It  appears  therefore  that  thfe  yellow- 
1  brown  crystals,  bearing  a  great  resemblance  in  form  and 
»  to  eudialyte,  but  which  are  characterized  by  their  negative 
mble  refraction,  are  to  be  classed  under  this  head.  The 
ystals  which  appear  in  the  Arkansas  rock  are  of  a  much 
fhter  brown  or  brownish  yellow  color  than  those  from 
orway.  The  cleavage  parallel  to  the  base  (OOOl)  is  much 
ore  pronounced  than  in  eudialyte,  but  that  in  other  directions 
about  eaually  poor  with  that  already  noted. 
Tlie  following  faces  have  been  observed  (fig.  3) :  (?  =  OJS 
001),  R^^-R  (lOll),  d  =  -\R  (01l2),  g^^P  (lOlO),  a  = 
1^  (ll20).  Some  of  the  angles  between  these  faces  and  the 
s/^  have  been  measured,  but  the  poor 
flections  prevent  the  obtaining  of  accu- 
te  results.  The  angles  recorded  are 
•obably  not  nearer  than  from  15'  to  30' 

the  true  angles.     Owing  to  these  large 
nits  of  error,  it  is  impossible  to  calcu-  Tiy» 

be  any  axial  ratio  for  this  mineral,  but 
e  angles  as  measured  do  not  diflEer  very  much  from  the  cor- 
sponding  angles  on  eudialyte. 

Angle, 
c:  (i(0001):(0ll2) 
c:i?(0001):(10ll) 
c;  a  (0001):  (1120) 
c:  ^(0001):(10lo) 

The  specific  gravity  taken  in  the  same  way  as  that  of  eudia- 
te  gave  26244  to  2-6630  at  15° C.  This  is  extremely  low, 
it  even  after  bringing  in  a  correction  for  adhering  orthoclase 
3.  gr.  =  2 -55 —2 -62)  the  figures  would  not  be  much  higher, 
ardness  5  to  5'o. 

In  thin  sections  this  mineral  appears  semi-transparent,  and  is 
a  white  to  a  very  light  yellow  color.  In  convergent  polar- 
3d  light,  a  section  perpendicular  to  the  principal  axis  shows 
black  cross  which  when  tested  with  a  mica  plate  establishes 
e  negative  character  of  the  double  refraction  very  plainly, 
le  double  refraction  appears  weaker  than  in  eudialyte.  Mag- 
itite  and  segyrite  appear  to  be  the  only  inclusions.     Some 

*  L.  c.  page  489. 


Measured. 

Calculated. 

60"  40'  30' 

60*  43'    6' 

67    12 

67    45    24 

89    53 

90 

90   26 

90 
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crystals  were  found  which  were  made  up  of  both  pmk  and 
yellowish  brown  material,  and  in  these  cases  it  was  always 
found  that  the  former  was  positive  and  the  latter  negative. 

Wilhelm  Ramsay  *  in  his  "  Geologische  Beobaehtungen  aof 
den  Halbinsel  Kola  "  has  observed  that,  in  the  eudialyte  of  the 
nepheline  syenite,  which  he  describes,  both  positive  and  nega- 
tive as  well  as  isotropic  zones  appear,  but  that  no  diflEerence  in 
color  nor  in  the  indices  of  refraction  between  the  various  parts 
was  detectable.  Ramsay's  observations  were  made  by  means 
of  a  selenite  plate  on  sections,  which  were  slightly  inclined  to 
the  principal  axis,  while  those  on  the  Arkansas  mineral  were 
made  by  means  of  a  quarter-undulation  mica  plate  on  sections 
parallel  to  the  base. 

From  the  low  specific  gravity  and  hardness,  as  well  as  the 
want  of  complete  transparency  in  the  eucolite  crystals,  it  may 
well  be  suspected  that  these  crystals  are  decomposed  or  weath- 
ered eudialyte.  To  these  facts  may  be  added  the  observations 
that,  in  cases  where  eudialyte  has  begun  to  weather,  it  is  found 
in  the  form  of  pink  grains  surrounded  by  a  soft  yellowish 
brown  powder,  which  resembles  very  closely  the  eucolite  just 
described.  Moreover  it  is  probable  that  the  yellowish  coatinfis 
observed  on  the  surface  of  the  eudialyte  crystals  already 
described  are  made  up  of  this  same  brownish  yellow  mineral. 
A  determination  of  tlie  amount  of  water  in  a  specimen  of  the 
eucolite  would  be  of  use  in  deciding  the  question  of  its  origin. 

Both  eudialyte  and  eucolite  occur  in  two  places  in  Magnet 
Cove ;  one,  one  hundred  meters  northeast  of  the  point  wliere 
the  Hot  Springs  turnpike  crosses  Cove  Creek,  and  the  other 
on  "•  the  branch  "  about  150  meters  east  of  where  it  empties 
into  Cove  Creek.  Indications  of  eudialyte  have  been  observed 
in  the  ehieolite  syenite  of  Saline  County,  Ark.,  on  the  property 
of  Sol.  Nethercutt,  about  seven  miles  (11  km.)  N.E.  of  Benton. 
(N.W.  of  S.E.  of  Sec.  16,  28.  14  W.)  At  this  point  the  min- 
eral was  so  badlv  weathered  that  an  exact  determination  was 
impossible. 

Besideb  the  tegyrite,  eUeolite  and  orthoclase  of  the  rock  in 
which  the  eudialyte  occurs,  there  are  found  as  accessory  min- 
erals beautiful  little  idiomorphic  titanites  and  apatites.  As 
decomposition  products  there  a])pear  ozarkite  (thorasonite} 
and  manganopectolite,t  which  may  be  due  in  part  at  least  to 
the  weathering  of  eudialyte  as  well  as  of  the  other  constituents 
of  the  rock. 

Petrographical  Laboratory,  Clark  University, 
Worcester,  Mass.,  June,  1890. 

*  Wilhelm  Ramsay.  Fonnia,  Bulletin  de  la  Societe  de  geognraphie  de  FinUnd* 
ili,  No.  7,  pages  42  and  43. 

f  J.  F.  Williams.  Manganopektolit.  Ein  Xeues  Mineral  aus  Magnet  Cove,  Ark. 
ZeitBch.  Kryst.  Min.,  xviii,  1890. 
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A.RT.  LIX. — Prediction  of  Coldrwaves  from  Signal  Service 

Weather  Maps ;  by  T.  Kussell. 

[Read  before  the  American  Association  for  the  AdvanceDieut  of  Science,  at 
[ndianapolis,  August  25, 1890,  by  T.  Russell,  Assistant  Professor,  Signal  Service.] 

In  addition  to  the  regular  fall  of  temperature  that  takes  place 
from  day  to  niffht,  there  are  irregular  falls  occurring  from 
bime  to  time.  The  extent  of  country  covered  by  these  falls  is 
various  at  different  times.  When  the  fall  of  temperature  in 
;wenty-four  hours  is  twenty  degrees  or  more  and  covers  an  area 
)f  at  least  fifty  thousand  square  miles  and  the  temperature  in 
my  part  of  the  area  goes  as  low  as  36°  it  is  called  a  cold-wave. 
Answering  to  this  definition,  there  have  been  in  the  United 
Jtates  in  the  past  ten  years,  1880  to  1890,  six  hundred  and 
wenty-one  cold-waves,  as  shown  by  the  7  A.  M.  weather  maps 
ii  the  Signal  Service. 

In  Table  I,  is  given  the  number  of  cold-waves,  of  various  ex- 
eDts,  according  to  the  area  enclosed  by  the  twenty-degree 
emperature-falT  line,  that  have  occurred  in  ten  years,  in  the 
Donths  of  October,  November,  December,  January,  February 
md  March. 

Table  1. 
vr  of  cold-waves,  1880  to  1890,  according  to  extent  of  tioeniy-degree  temperature-fall  areas. 
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The  greatest  cold-wave  was  that  of  January  17,  1882.  The 
;wenty-degree  fall  line  included  an  area  of  1,101,000  square 
uiles,  and  the  ten-degree  fall  line  an  area  of  2,929,000  square 
niles.  There  have  been  in  ten  years  six  cold-waves  with  the 
trea  of  the  twenty-degree  fall  greater  than  one  million  square 
niles.  The  magnitude  of  maximum  temperature-fall  in  cold- 
ivaves  varies  greatly  at  different  times.  The  different  curves 
)f  temperature-fall  lie  one  within  the  other,  the  twenty-degree 
jvithin  the  ten-degree,  the  thirty  within  the  twenty  and  so  on. 
There  is  a  gradual  increase  of  temperature-fall  from  the  border 
)f  a  cold-wave  area  to  the  center  which  is  the  place  of  maxi- 
num-fall.  There  have  been  two  cases  in  ten  years  where  the 
naximum  fall  was  over  sixty  degrees,  the  greatest  being  sixty- 
;hree.  There  were  sixteen  cases  where  the  maximum  fall  was 
)etween  fifty  and  sixty  degrees ;  seventy-seven  cases  with  the 
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maximum  fall  between  forty  and  fifty  degrees ;  two  hnndred 
and  sixty-two  eases  between  thirty  and  forty  degrees  ;  and  two 
hundred  and  sixty-four  between  twenty  and  thirty. 

The  Signal  Service  weather-maps  show  that  these  cold-waves 
always  occur  over  the  country  covered  on  the  preceding  day  by 
an  area  of  low  barometric  pressure,  or  over  the  country  covered 
by  an  area  of  high  pressure.  Where  both  occur,  the  cold-waves 
attain  their  greatest  extent.  The  cold-waves  occur  from  the 
center  of  the  areas  of  low  pressure  towards  the  west.  There 
are  a  few  cases  where  low  pressure  areas  have  not  been  fol- 
lowed by  a  fall  in  temperature  at  their  centers.  There  are 
twelve  of  these  in  ten  years  where  there  have  been  rises  in 
temperature  instead  of  falls  around  the  centers  of  low  pressure. 
On  the  other  hand,  no  cold-waves  ever  occur  without  the  pres- 
ence of  an  area  of  high  or  low  pressure.  Why  there  are 
exceptions  is  not  known. 

The  Signal  Service  observations  made  at  8  A.  M.  (at  7  A.  M., 
previous  to  July  1,  1888)  are  given  on  the  weather-maps  issued 
daily.  The  barometric  pressure  at  the  various  stations  reduced 
to  sea-level  are  generalized  by  the  isobars.  The  temperatures 
are  shown  by  the  isotherms  drawn  through  places  having  the 
same  temperature. 

A  typical  case  of  weather-map  preceding  a  cold-wave  is  that 
of  February  9,  1885.  The  map  snows  a  characteristic  feature 
of  the  isotherms  preceding  a  cold-wave.  They  run  from  south- 
west to  northeast  in  the  country  covered  by  the  low  pressure, 
and  after  passing  the  center  bend  towards  the  southeast  and 
east.  To  the  west  of  the  rt^gion  of  high  pressure  the  isotherms 
bend  to  the  northwest.  The  general  appearance  of  the  isotherms 
would  seem  to  indicate  that  the  air  in  the  low  pressure  has  pro- 
gressed from  the  south,  and  that  in  the  high  from  the  north, 
carrying  with  it  the  isothermal  lines  peculiar  to  those  regions. 
The  temperature-falls  on  February  10,  1886,  shown  on  a  map 
by  lines  joining  the  points  of  equal  fall,  give  areas  which  are 
quite  regular,  having  usually  the  appearance  of  ellipses  one 
within  the  other.  The  total  temperature-fall  on  a  map  has 
graphically  the  semblance  of  a  cone.  The  temperature-fall 
lines  are  sections  of  planes  with  the  cone.  The  maximum  or 
greatest  fall  of  temperature  in  the  center  is  the  altitude  of  the 
cone,  and  the  area  enclosed  by  the  lines  of  no  change  is  its  base. 

An  examination  of  the  maps  preceding  cold- waves  shows  that 
the  extent  of  cold-wave  is  dependent  on  the  extent  of  the  area 
of  low  pressure  and  the  area  of  high  pressure  on  the  day  pre- 
ceding it.  Hie  extent  of  cold-wave  depends  very  greatly  on 
the  density  or  spiirseness  of  the  isothermal  lines  in  tne  region 
of  the  low  area  and  to  the  west  of  it.  When  they  are  numer- 
ous and  close  together,  the  falls  will  be  very  great  and  will 
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cover  a  wide  extent  of  country.  The  maps  preceding;  cold- 
waves  vary  very  much  as  regaros  isotherms.  There  is  always 
some  diminution  of  temperature  to  the  northwest  of  a  low  area.. 
Sometimes  it  is  not  more  than  twenty  degrees  in  a  distance  of 
500  miles  from  the  center,  and  sometimes  eighty  degrees  in  the 
same  distance. 

To  show  to  what  extent  the  amount  of  temperature-fall  and 
the  area  of  fall  depend  on  the  variation  of  barometric  pres- 
sure and  contrast  of  temperature,  the  means  in  a  number  of 
selected  cases  are  shown  in  Table  II. 

Table  II. 

Summary  of  Preaaure  and  Temperature  Gradients^  and  Mean  Temperature  Falla, 

Mean                            Mean                   Mean  Mean 

Temperatare  Falls.           Temp.  Gnid*nt      Pret.  Orad'nt  extent  of 

per  900  miles.        per  500  miles.  cold- wave. 

Inches. 

SS^'-e  16  cases  66**  0-66  261 

43'-3  60  cases  47"  0-66  151 

33'-6         '*  44"  0-59  100 

24'-0         "  34'  0-46  37 

14'-3         "  23"  040 

In  forming  the  means  in  Table  II,  sixty  cases  each  of  falls 
between  thirty  and  forty,  twenty  and  thirty,  and  ten  to  twenty 
were  selected,  one  from  each  month,  October  to  March,  during 
the  ten  years.     The  changes  less  than  twenty  degrees  do  not 
class  as  cold-waves,  but  are  given,  to  show  the  dependence  in 
magnitude  of  the  temperature-fall  on  the  pressure  and  temper- 
ature gradients  in   the  case   of    small    changes.      The   last 
column  of  Table  II,  contains  the  extent  of  cold-wave,  the  unit 
being  a  fall  of  twenty  degrees  over  an  area  of  50,000  square 
miles,  or  ten  degrees  over  an  area  of  100,000.     The  extent  of 
fall    in   cold-waves,  including  all   the   fall   greater  than   ten 
d^rees,  but  not  including  any  less  than  ten  degrees,  varies  in 
different  cases  from  5  to  60  on  this  basis.     The  teniperature- 
fall  is  computed  as  the  contents  of  a  rough  cone.     The  areas 
of  the  falls  are  measured  with  a  planiineter  and  the  altitude 
expressed  in  units  of  ten  degrees  of  the  greatest  fall  in  tempeit*- 
ature.  ^ 

The  shapes  and  relative  positions  of  hi^h  and  low  areaa  ol 
pressure  preceding  cold-waves  are  very  various.  The  principal 
types  most  frequently  recurring  are  as  follows  : 

1.  A  low  pressure  without  any  accompanying  high  prcfwrnro. 
Cold-waves  with   this   type   are  not  apt  to   be  importuiit    <rtr 
extensive,  unless  the  area  is   continental  in  extent.      Wltll   H, 
central  pressure  as  low  as  29*3  inches,  and  a  distance  tMtimm  ili« 
thirtpr-inch  isobar  of  1,600  miles,   the  cold-wave  In  ii|»t  to  \m 
considerable.  ^^ 

2.  A  low  pressure  area  with  a  high  to  the  nortliWij^  #ff    \\ 
This  is  the  most  frequently  occurring  type.    Tli#  •MUl^^^nri^v^ 
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accompanying  it  may  be  of  any  extent  from  the  smallest  to 
the  largest. 

3.  A  great  area  of  high  pi'essiire,  with  a  slight  or  very  ilF- 
defined  low  pressure,  irregular  in  shape  to  the  southeast  of  it, 
or  very  far  to  the  east  The  cold-waves  are  not  apt  to  be 
great  in  this  case.  The  area  of  temperature-fall  is  a  long  nar- 
row strip  extending  from  southwest  to  northeast,  and  never 
reaching  more  than  300  miles  from  the  southeastern  edge  of 
the  higli  area. 

4.  An  area  of  low  pressure  with  an  area  of  high  southwest 
of  it.  The  temperature-fall  area  is  a  long  narrow  strip  in  this 
case.  This  type  is  usually  a  sequence  of  type  2  and  always 
follows  after  a  severe  cold-wave  has  prevailed  the  day  before 
in  country  farther  to  the  west  and  north. 

5.  A  double  V-shaped  area  of  low  pressure,  one  in  the  r^on 
of  the  Great  Lakes  open  to  the  northeast,  the  other  in  Louisiana 
or  Texas  and  open  to  the  southwest,  a  great  area  of  high  pres- 
sure in  between  the  two,  to  the  northwest.  The  cold-waves  of 
greatest  extent  have  occurred  with  this  type. 

6.  A  double  low,  one  in  the  Lake  Region  and  the  other  on 
the  Atlantic  coast.  The  cold-waves  with  this  type  are  always 
extensive,  but  keep  well  towards  the  north. 

These  varieties  may  be  still  further  subdivided  according  to 
the  shape  and  position  of  the  isobars  in  the  area  of  low  pres- 
sure. The  low  may  have  closed  isobars,  or  it  may  be  open  in 
any  direction.  The  closed  isobars  may  be  circular  or  elliptical. 
When  ellij)tical,  the  long  axis  may  be  from  northeast  to  south- 
west, from  north  to  south,  east  to  west,  or  northwest  to  south- 
east. The  latter  variety  is  very  unusual.  The  cold-waves 
following  each  of  these  varieties  have  distinctive  features. 
These  various  types  have  distinctive  features  in  the  areas  of 
twenty-degree  fall  following  them.  The  longer  axis  of  the 
area  of  temperature  fall  extends  in  the  direction  in  which  the 
isobars  are  open,  etc. 

The  method  given  here  for  the  prediction  of  cold- waves, 
does  not  give  a  correct  result  at  all  times.  It  represents  very 
fairly  the  average  of  cases  that  occur ;  though  in  a  few  cases, 
it  gives  largely  erroneous  results.  It  is  purely  empirical 
What  follows  certain  combinations  of  isobars  and  isotherms 
is  seen  from  past  weather-mai)s,  and  it  becomes  a  question  how 
to  formulate  the  conditions  and  use  them,  for  judging  what 
may  occur  in  any  special  case  in  the  future. 

From  an  examination  of  the  charts  of  temperature-fall  in 
connection  with  the  weather-map  twenty-four  hours  preceding, 
it  will  appear  that  the  extent  of  the  cold  wave  depends  on  the 
extent  and  depth  of  the  area  of  low  pressure.  It  likewise 
depends  on  the  extent  and  height  of  the  area  of  high  pressure. 
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(Then  both  a  low  and  high  pressure  occur  together,  the  cold 
yave  is  apt  to  be  very  great.  The  surest  indication  of  a  com- 
ng  great  fall  of  temperature,  both  deep  and  extensive,  is  a 
nrowded  condition  of  the  isothermal  lines  to  the  northwest  of 
in  area  of  low  pressure.  This  condition  is  usually  the  result 
)f  a  great  fall  of  temperature  in  the  preceding  twenty-four 
lOurs,  in  a  district  to  the  west  and  north.  Sometimes,  how- 
iver,  this  crowded  condition  of  the  isotherms  is  the  result  of  a 
low  cooling  over  a  wide  area  of  country,  lasting  several  days. 
Phen  a  low  area  of  pressure  putting  in  an  appearance  to  the 
outheast  of  it,  the  next  day  there  follows  a  great  and  exten- 
ive  fall  of  temperature,  without  any  very  great  fall  the  day 
►receding.  At  times,  there  is  a  regular  progression  of  the 
reas  of  fall  from  west  to  east,  or  southeast.  Areas  of  low 
iressure  appearing  in  the  vicinity  of  Lake  Superior,  with  a 
igh  area  to  the  west,  have  temperature-falls  on  the  next  day 
t  places  east  of  the  Missouri  River  and  skirting  along  as  far 
outh  as  the  Ohio  River. 

One  of  the  most  important  types  of  map  is  that  of  a  low 
rea  of  pressure  in  Texas  and  a  great  high  to  the  north.  Areas 
►f  great  temperature-fall  always  follow  this  type,  with  the  long 
►xis  extending  north  to  south.  The  greatest  falls  occur  in  the 
outhwest.  The  areas  of  fall  on  the  next  day  are  farther  to 
he  east,  and  later,  falls  follow  to  the  north,  in  Maryland, 
i*ennsylvania,  New  Jersey  and  New  York.  This  is  a  type  for 
rhich  it  is  possible,  when  the  high  and  low  areas  are  large,  to 
aake  successful  predictions  of  cold-waves  for  the  eastern  States 
wo  days  in  advance. 

Inasmuch  as  the  extent  and  depth  of  temperature  fall  depend 
►n  the  extent  of  the  areas  of  nigh  and  low  pressure,  it  was 
lecided  to  ascertain  how  far  this  was  true,  and  to  determine  if 
K)B8ible  the  numerical  relation  between  them.  The  areas 
nclosed  by  the  temperature  fall  lines  of  ten,  twenty,  thirty, 
orty  degrees,  etc.,  in  the  various  cold-waves  were  measured  by 
neans  of  a  planimeter  on  maps  of  the  United  States  on  a  scale 
►f  TV.Tn^TT.inrv  "^^^^  areas  between  the  isobars  of  high  and 
ow  areas  of  pressure  on  the  maps  preceding  cold-waves  were 
aeasured  in  the  same  way.  The  areas  between  the  isothermal 
ines  in  the  region  covered  by  the  areas  of  high  and  low 
pressure  were  also  measured. 

The  method  proposed  for  the  prediction  of  cold-wave,  is  as 
ollows : 

1.  From  the  measured  extent  of  the  high  and  low  area  of 
pressure  always  preceding  cold-waves  to  determine  what  the 
otal  extent  of  the  fall  in  the  cold-wave  will  be. 

2.  To  determine  the  maximum  fall  of  temperature  that 
I  to  take  place  in  a  cold-wave. 
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5.  The  extent  of  oold-wave  being  known,  whieh  it  the  eon- 
tents  of  a  cone,  and  the  altitude  being  known,  whieh  is  the 
maximum  fall  of  temoeratnre  expieaaed  in  units  of  ten  de- 
grees, then  from  suitably  prepared  tables,  the  areas  included  \fj 
the  ten  and  twenty  degree  temperature-fall  lines  to  be  tako^ 
these  lines  being  the  sections  of  planes  with  the  cone. 

4.  The  Tarions  shapes  that  the  twenty^  degree  tempentnie- 
fall  areas  take  with  different  types  of  liigh  and  low  pressure 
will  be  determined.  The  shape  of  the  areas  will  be  taken  is 
exactly  elliptical,  with  varying  ratio  of  axes  in  different  ciaei. 
This  is  not  strictly  the  shape  of  temperature-foil  areas  in  ietul 
cold-waves,  but  it  is  sufficiently  near  for  practical  puiposei^ 
and  the  best  that  can  be  adopteo.  In  more  than  90  per  cent 
of  the  cases,  a  regular  ellipse  will  represent  actual  tempentnre* 
falls  with  errors  not  greater  than  six  degrees. 

6.  The  location  oi  point  of  greatest  temperature-fall  will  be 
determined,  and  the  position  of  the  longer  axis  of  the  twcDty- 
d^ree  fall  area. 

6.  A  previously  prepared  piece  of  card-board  of  the  sue 
and  shape  of  the  twenty-degree  fall  area  will  be  placed  on  i 
map  in  its  proper  position  and  a  line  drawn  around  it.  The 
thirty  degree,  forty  degree,  etc,  temperature*fall  lines  will  be 
drawn  in  with  regard  to  this  twenty  degree  fall  line,  and  the 
point  of  maximum  fall. 

7.  From  these  curves  the  falls  at  various  stations  in  the 
region  covered  can  be  estimated,  and  the  isothermal  lines 
drawn  for  the  day  on  which  the  cold -wave  is  to  prevail.  The 
isothermal  lines  in  a  region  where  a  cold-wave  prevails,  alwm 
have  a  certain  smoothness  and  deliniteness  of  sweep.  If  toe 
predicted  isothermal  lines  are  crooked  and  irregular,  some 
slight  adjustment  can  be  made,  and  new  isotherms  put  in,  so  as 
to  represent  the  average  position  of  the  ones  first  drawn. 

Extent  of  Cold-  Wave. 

The  extent  of  a  cold- wave  has  been  taken,  as  proportional  to 
the  extent  of  the  area  of  low  pressure  multiplied  by  an 
unknown  factor,  plus  the  extent  of  the  high  area  multiplied 
by  another  unknown  factor,  plus  another  term,  composed  of 
the  product  of  an  unknown  factor  by  the  extent  of  low  area 
of  pressure,  and  a  number  expressing  the  density  of  the  iso- 
thermal lines  throughout  the  region  of  the  high  and  low  areas. 
The  unit  of  deficiency  of  pressure  in  the  low  area,  below  a 
pressure  of  30  inches  and  excess  in  the  high,  is  taken  as  one 
mch  over  an  area  of  100,000  square  miles.  In  different  cases 
the  number  expressing  this  excess  or  deficiency  of  pressore 
varies  from  a  small  fraction  of  a  unit  to  as  much  as  ten  units. 
Observation  equations  were  formed  on  this  plan,  of  the  form, 
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HA+LZ+Ii^F— E=0.  A,  I  and  l^^  are  the  unknown  quantities 
and,  E,  the  extent  of  cold-wave ;  H  and  L,  are  the  measured 
extents  of  high  and  low  pressure.  As  regards  F,  the  number 
expressive  oi  the  density  of  the  isothermal  lines,  it  was  de- 
rived in  the  following  way. 

Consider  two  contiguous  areas,   between  three  successive 
isotherms.     The  tendency  is  for  the  wind  to  blow  from  the 
high  area  towards  the  low,  and  carry  the  air  from  places  of  low 
temperature  to  those  where  it  is  high.     The  mean  temperature 
of  a  strip  between  two  isotherms  as  compared  with  a  strip 
adjoining  it  is  ten  degrees  different,  the  one  to  the  west  and 
north  being  the  lower.     If  the  area  of  higher  temperature  is 
of  less  extent  than  the  lower  one,  there  is  a  possibility  of  all 
the  air  from  the  lower  one  overflowing  the  nigher,  and  that 
the  fall  in  temperature  will  be  equal  in  extent  to  the  area  of 
the  higher  multiplied  by  one,  their  difference  of  temperature 
being  ten  decrees.     If  the  area  of  lower  temperature  is  less 
than  the  higher  one,  it  is  not  likely  that  it  will  change  the 
temperature  any  more  than  tbe  area  of  the  lower  multiplied 
by  tne  difference  of  temperature  unless  there  is  cold  air  com- 
ing from  above.     Consider  a  third  area  with  respect  to  the 
one  of  highest  temperature.      The  fall  of  temperature  pro- 
duced by  it  may  be  taken  in  extent,  as  equal  to  the  area  of  the 
smaller  one  of  the  two  areas  multiplied  by  two,  the  difference 
of  their  mean  temperatures  being  twenty  degrees,  but  some- 
what less  than  this  on  account  of  the  two  areas  being  farther 
apart  than  in  the  case  of  the  first  two  considered.     Part  of  the 
low  temperature  is  expended  in  lowering  the  temperature  of 
the  intervening  area.    It  is  not  known  what  the  law  is,  accord- 
ing to  which  this  effect  diminishes  with  distance  of  the  areas 
apart.     There  is  some  reason,  however,  for  believing  that  it  is 
inversely  as  their  distance  apart.     The  effects  of  the  areas,  in 
causing  extent  of  fall,  have  been  taken  as  inversely  propor- 
tional to  their  distances  apart  expressed  in  units  of  one  hun- 
dred miles.     Considering  all  the  other  areas  with  respect  to 
the  area  of  highest  temperature,  in  a  similar  manner  a  series 
of  numbers  will  be  obtained,  expressive  of  the  possible  extent 
of  temperature-fall.     The  next  area  of  temperature  below  the 
one  of  highest  temperature,  will  in  like  manner  give  a  similar 
series  of  numbers,  and  likewise  a  third  area  considered  with 
respect  to  all  those  below  it  will  give  a  series,  and  so  on,  until 
the  last  two  areas  are  taken  into  account  which  give  a  single 
number.     The  sum  of  all  these  numbers  gives  a  total  number 
expressive  of    the    possibility   of    temperature-fall,    provided 
there  is  sufficient  of  a  low  area  to  induce  such  a  circulation  of 
the  air,  that  the  air  from  places  of  low  temperature  will  reach 
places  where  it  is  high.     The  more  extensive  and   deep   the 
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area  of  low  pressure,  the  more  this  will  be  aooompliabed. 
Accordingly,  a  term  is  inclnded  in  the  eqaation  whidi  gives 
the  tern  peratnre-f all,  which  is  proportional  to  this  number 
mnlti  plied  by  the  extent  of  the  low  area  and  an  unknown 
quantity.  This  number  expressive  of  density  or  sparseness  of 
isotherms  in  the  case  of  different  weather-maps  preceding  oold- 
waves  varies  from  5  to  95. 

To  establish  the  numerical  relation  between  the  extent  of 
cold-wave  and  the  extent  of  hiffh  and  low  areas  of  presBore. 
127  cases  of  cold-wave  were  selected  from  those  that  hive 
occurred  in  ten  years.  They  were  so  chosen  as  to  indiide  Ae 
greatest  possible  variety  in  extent  of  cold-wave  from  Ae 
smallest  to  the  largest,  the  greatest  and  least  areas  of  hij^h  and 
low  pressure  concerned  in  their  production,  oases  in  which  Ae 
''  high ''  was  in  different  positions  with  respect  to  the  ^Mow," 
and  cases  of  the  greatest  diversity  of  the  isothermal  lines  peas- 
ing  through  the  low  area. 

Normal  equations  were  formed,  and  from  them  the  values  of 
the  unknown  quantities  derived : 

h  =  2-75,  /  =  3-15,  l^  =  0-0547 

From  the  residuals  obtained  by  substituting  the  valnes  of  the 
unknown  quantities  in  the  observation-equationa,  the  probable 
error  in  the  extent  of  a  cold-wave  derivea  by  this  metnod  wis 
found  to  be  ±  5.  The  average  extent  of  cold-wave  in  the  127 
cases  was  20.  The  extent  of  different  cold-waves  varied  from 
5  to  60. 

Several  different  forms  of  equation  were  tried.  The  one  de- 
scribed, gave  more  satisfactory  vahies  of  the  residuals  than  any 
of  the  otliers.  From  a  consideration  of  the  residuals  in  the 
various  methods  tried,  it  was  inferred  that  the  fall  of  tempera- 
ture in  a  cold-wave  must  be  composed  of  two  parts.  One  part 
depends  on  the  presence  of  a  hign  or  low  area  of  pressure,  and 
the  other  on  the  transmission  of  air  from  places  in  the  north- 
west,  where  it  is  cold,  to  places  where  the  temperature  is  hi^, 
in  the  vicinity  of  the  low  area.  The  first  part  probably  re- 
sults from  tlie  intermixtni*e  of  air  near  the  ground  with  that 
from  a  great  altitude,  this  intermixture  resulting  from  a  great 
diminution  of  tem|)eratnre  upward  in  the  air.  In  Winter,  on 
account  of  the  greater  lengths  of  the  nights,  there  is  excessive 
cooling  of  the  upper  layers  of  air.  The  determining  factor  of 
a  conveetive  interchange,  is  the  upward  diminution  of  temper 
ature.  The  air  over  a  wide  area  of  country  being  in  unstable 
equilibrium,  a  circumstance,  such  as  a  slight  excess  of  heating 
at  the  ground  may  be  the  cause  of  an  intermixture  of  the  strtto 
throughout  a  great  height.  Intermixture  would  cause  the  air  to 
become  nearly  uniform  in  temperature,  which  would  cansea&ll 
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;  the  surface  of  the  earth,  and  a  rise  in  temperatnre  high  up  in 
16  air.  This  latter,  however,  would  not  be  maintained  long  on 
xsount  of  the  greater  radiation  in  the  upper  air,  which  would 
luee  the  temperature  to  diminish  rapidly  to  the  normal  pecu- 
ir  to  the  altitude  and  the  time  of  the  year.  A  mixture  of  the 
r  throughout  a  height  of  five  miles,  computation  shows,  would 
inse  a  fall  in  temperature  of  forty  degrees,  if  the  temperature 
the  surface  of  the  earth  is  60°. 

The  change  of  temperature  upward  in  the  air  is  very  slight 
a  region  covered  by  an  area  of  high  pressure.     This  is  the 

E*on  where  a  cold-wave  is  prevailing  and  intermixture  has 
m  place.  In  fact,  there  is  sometimes  in  such  a  region  an 
crease  of  temperature  upward,  which  is,  however,  mostly  due 

local  causes,  a  ridge  or  peak  radiating  strongly  into  space 
iring  the  night,  and  the  thin  layer  of  air  cooled  by  contact 
ith  it,  flowing  down  over  the  lower  portions  of  the  land  into 
dleys,  and  giving  rise  to  an  abnormal  contrast  of  temperature 
;  slightly  differing  altitudes. 

The  fact  that  most  of  the  severe  cold-waves  in  the  northwest 
art  in  the  afternoon,  just  after  the  occurrence  of  the  maxi- 
nm  temperature,  tends  to  strengthen  this  view.  The  higher 
p  in  the  air,  the  less  the  diurnal  range  of  temperature.  At 
le  time  of  maximum  temperature  at  the  surface  of  the  earth 
le  rate  of  upward  diminution  of  temperature  must  be  greatest, 
id  consequently  at  that  time  the  greatest  tendency  to  an  in- 
rchange  of  the  air  above  and  below.  The  fact  that  the  same 
jnsity  of  isotherms  with  same  extent  of  high  and  low  in  dif- 
jrent  cold-waves,  do  not  always  produce  the  same  extent  of 
mperature-fall  proves  conclusively  that  the  fall  is  not  due  en- 
rely  to  progress  of  cold  air  from  the  northwest,  or  dependent 
lely  on  temperature  conditions  at  the  surface  of  the  ground, 
it  that  part  of  it  must  come  from  above. 

Cases  can  be?  shown  on  the  Signal  Service  weather-maps, 
here  the  fall  of  temperature  certainly  cannot  be  due  to  pro- 
•ess  of  air  from  places  of  low  temperature  to  those  of  high 
aless  it  comes  down  from  the  upper  air,  because  there  is  no 
wer  temperature  to  the  northwest  to  be  carried  by  the  winds. 

In  the  high  area,  the  main  part  of  the  cold-wave  is  due  to  the 
mvective  action  in  high  and  low  strata.  The  high  is  to  some 
:tent  merely  the  result  of  low  temperature.  The  equation 
ill  not  admit  of  a  term  consisting  of  the  extent  of  high  area 
ultiplied  by  the  factor  dependent  on  the  density  of  the  iso- 
lerms.  There  are  a  few  cases,  however,  where  a  slight  term 
:  this  kind  would  improve  the  residuals.  An  area  of  high 
irometer  no  greater  than  304  inches  has  very  little  power  to 
ansmit  or  produce  a  cold-wave  to  the  east  or  southeast  of  it. 
p  to  that  limit,  the  high  pressure  is  mainly  the  result  of  the 
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low  temperature  over  the  area,  and  there  is  no  appreciable  cold- 
wave  without  a  very  considerable  low  to  the  east.  In  the  low 
area,  the  fall  of  temperature  is  due  both  to  the  intermixture  of 
upper  and  lower  air  and  the  presence  of  cold  air  brought  from 
the  noi-thwest  by  the  action  of  the  typical  winds  around  it 

The  greatest  fall  of  temperature. 

An  examination  of  the  weather-maps  in  217  cases  preceding 
cold-waves  shows,  that  the  greatest  falls  in  134  cases  occuired 
inside  of  the  lowest  isobar  of  the  low  area  of  pressure  or  within 
100  miles  of  the  center  of  the  low.  In  62  cases,  it  was  south 
of  the  center  of  the  low  200  miles  or  mora  In  8  cases  it  was 
north  of  the  center ;  in  4,  west  of  it ;  in  3,  east  of  it ;  and  in  6 
cases  so  remote  from  the  center  as  to  have  no  apparent  relation 
to  it.     In  at  least  80  per  cent  of  all  the  cases  of  cold-waves,  the 

Elace  of  greatest  temperature-fall  can  be  located  twenty-four 
ours  beforehand  somewhere  on  the  map  within  a  radius  of  one 
hundred  miles  of  its  true  place  by  taking  it  at  the  place  of 
highest  temperature  within  100  miles  of  the  center  of  the  low. 
The  magnitude  of  greatest  temperatnre-fall  is  conspicuously 
dependent  upon  the  temperature  gradient  on  the  weather-niap 
preceding  it.     The  values  of  maximum  temperature-fall,  pres- 
sure and  temperature  gradients  given  in  Table  II.  might  be 
used  for  deriving  the  greatest  fall.     Taking  the  fall  as  propor- 
tional to  the  product  of  the  temperature  gradient  by  the  pres- 
sure gradients  in  five  hundred  miles,  the  mean  greatest  falls  of 
53*6,  43*3,  33 -5,  24*0  and  14'3  degrees,  give  values  for  the  factor 
respectively  of  1*49,  1*66,  1*29,  1*54,  1  55,  the  mean  of  which 
is  1*48.     This  factor  multiplied  by  the  product  of  the  500  mile 
pressure  and  temperature  gradient  in  any  case,  will  give  an 
approximate  value  of  the  maximum  fall  in  a  coming  cold-wave. 
The  value  found  in  this  way  would  be  good  if  the  areas  between 
the  isotherms  were  more  regular  than  is  usually  the  case, 
A  better  method  was  found  to  be  the  following : 
On  a  line  drawn  from  the  point  of  greatest  prospective  tem- 
perature-fall, and  perpendicular  to  the  isotherms,  about  where 
they  are  closest  together  on  the  map,  measure  the  distances  be- 
tween the  isotherms.     The  temperature  at  the  place  of  greatest 
fall  after  the  cold-wave  has  prevailed,  will  be  the  weighted 
mean  of  the  mean  temperatures  of  the  various  sections  of  the 
line  between  the  isotherms,  the  weights  being  taken  directly 
as  the  lengths  of  the  various  sections,  and  inversely  as  the  dis- 
tances of  their  centers  from  the  point  of  greatest  prospective 
fall.     The  mean  of  the  temperature  from  the  point  of  greatest 
fall  to  the  first  isotherm  to  the  northwest  of  it,  or  for  at  least  a 
distance  of  200  miles  from  the  point  of  greatest  fall  when 
there   is   more   than   one  isotherm   in   the   distance,  is  taken 
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with  a  weight  of  one.  The  mean  temperature  of  a  section  is 
the  mean  of  its  bounding  isotherms.  When  the  decrease  of 
temperature  towards  the  northwest  in  a  distance  of  500  miles 
is  not  more  than  thirty  degrees,  the  greatest  fall  may  be  taken 
as  not  greater  than  live-sixths  of  the  change  in  500  miles. 

The  probable  error  of  greatest  temperature-fall  by  this  rule 
as  derived  from  201  cases  of  cold-waves  is  about  ±2*5  degrees 
for  falls  of  twenty  degrees  and  ±6*6  degrees  for  falls  of  fifty 
degrees.     Table  III  shows  the  distribution  of  errors. 


Table  III. 

Errors  in  Computed  Temperature  Falls. 

Cases. 

Error  in  degrees. 

Cases.         Error  in  degrees, 

14 

0° 

±10° 

36 

dbl 

4 

dbll 

24 

±2 

3 

il2 

22 

±3 

7 

dbl3 

14 

±4 

3 

±14 

19 

±5 

1 

±15 

19 

±6 

4 

±10 

10 

±7 

i 

±17 

15 

±8 

2 

±18 

8 

4-9 

fJThe  computed  fall  is  less  than  the  observed.  On  the  aver- 
age it  is  less  by  one  degree  for  falls  of  twenty  degrees ;  by  two 
degrees  for  falls  of  thirty ;  by  half  a  degree  for  falls  of  forty  ; 
and  by  five  degrees  for  falls  of  fifty  degrees.  The  average  of 
all  cases  gives  the  computed  fall  two  degrees  less  than  the 
observed. 

This  method  of  deriving  the  maximum  fall  can  only  be  used 
where  the  pressure  gradient  is  at  least  0  4  of  an  inch  in  500 
miles.  It  is  worthy  of  note  that  the  mean  temperature 
throughout  the  areas  of  high  and  low  pressure,  as  derived 
from  the  planimeter  measurements  of  areas  between  isotherms, 
agrees  in  most  cases  within  a  few  degrees  with  the  tempera- 
ture at  the  place  of  greatest  fall  after  the  fall  has  occurred 
as  computed  by  this  rule.  Where  the  computed  falls  differ 
greatly  from  the  observed,  probably  correspond  to  times  of 
widely  differing  diminution  of  temperature  upward  in  the  air. 

With  the  computed  maximum  fall  derived  in  this  way,  and 
the  computed  extent  of  temperature-fall,  the  areas  of  ten  and 
twenty-degree  teinperature-falls  can  be  taken  from  suitably 
prepared  tables.  The  agreiement  of  the  computed  and  observed 
areas  is  on  the  whole  tolerably  satisfactory.  It  is  difficult  to 
estimate  the  accuracy  of  the  method  without  a  map  for  each 
special   case.     There   are   two   cases   where  the   method  fails 
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badly,  those  of  Dec.  5,  1885,  and  Dee.  20,  1887,  when  there 
were  twenty-degree  fall  areas  of  863,000  and  723,000  square 
miles  and  the  method  gives  no  twenty-degree  fall.  There  are 
twenty-four  cases  where  the  observed  area  being  300,000  square 
miles  or  more,  the  computed  is  less  than  half  the  observed  and 
may  be  classed  as  not  good.  There  are  four  cases  of  over  300,000 
square  miles  where  the  computed  area  is  more  than  twice  as 
great  as  the  observed  area.  In  the  other  eases  the  agreement 
is  tolerably  good. 

Shape  and  Position  of  Tijoenty- Degree  Temperature-FaU  Area, 

In  the  case  of  areas  of  twenty-degree  fall  greater  than 
200,000  square  miles  when  the  "high"  is  to  the  northwest  of 
the  low  area,  the  ratio  of  the  axes  of  the  area  in  the  average  of 
cases  is  2*5  to  1*0  For  the  case  of  the  high  southwest  of  the 
low,  the  ratio  is  4*0  to  10.  In  double  V-shaped  lows  and 
exceptionally  long  areas  of  low  pressure,  the  ratio  is  about  50 
to  10  Lows  accompanied  by  highs  no  greater  than  30*3 
inches  in  pressure  have  the  fall  areas  of  same  general  shape  a& 
the  isobars  of  the  low  area. 

Where  the  isothermal  lines  are  close  together,  which  i& 
always  the  case  in  a  great  cold-wave,  the  long  axis  is  pretty 
certain  to  be  at  least  two  and  a  half  times  the  length  of  the 
short  one. 

The  position  of  the  long  axis  is  usually  from  southwest  to 
northeast.     It  is  ])arallel  to  the  long  axis  of  the  area  of  low 

tressure  or  parallel  to  the  general  directiou  of  the  isotherms, 
t  is  always  sure  to  extend  in  the  direction  of  the  open  end  of 
the  low  area  of  pressure.  The  shape  of  the  ten-degree  tem- 
perature-fall area  ])retty  generally  conforms  to  the  shape  of  the 
twenty- degree  fall  area.  The  ten-degree  falls  very  generally 
overlap  on  successive  days.  The  twenty-degree  fall  areas  rarely 
overlap  and  when  they  do,  only  slightly,  not  more  than  through- 
out a  strip  fifty  miles  in  width  in  the  case  of  the  very  greiitest 
cold- waves  The  larger  the  twenty -degree  fall  areas  are,  the 
more  likely  tliey  are  to  he  just  tangent  to  each  other  or  slightly 
overlap.  When  a  well-dctined  area  of  twenty-degree  fall  has 
alreadv  occurred,  a  consideration  of  its  distance  from  the  center 
of  low  pressure,  or  point  of  prospective  greatest  temperature- 
fall,  is  of  service  in  determining  what  the  length  of  one  axis 
of  the  twenty-degree  fall  may  be  the  next  day. 

At  the  southern  limit  of  a  cold-wave,  when  there  is  doubt 
about  the  ])osition  of  the  lower  boundary  of  a  temperature-fall 
area,  the  wind  direction  is  useful  in  locating  its  position.  In 
the  lower  Mississippi  valley,  when  the  winds  liaving  been 
northwest,  and  there  have  been  falls  of  temperature  to  the 
north,  and  the  winds  turn  to  the  northeast,  no  farther  falls  in 
the  vicinity  need  be  anticipated. 
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Tables  and  charts  have  been  prepared  showing  the  lowest 
and  highest  7  A.  M.  temperatures  tnat  have  occurred  in  the 
months  of  November,  December,  January,  Februarv  and 
March.  These  are  of  use  in  locating  the  areas  of  fall  and 
in  estimating  by  differences  the  low  temperatures  that  may 
occur  to  the  east,  by  comparison  with  what  has  already  occurred 
where  a  cold-wave  is  prevailing. 

There  is  very  little  time  for  extensive  or  elaborate  computa- 
tions in  the  work  of  predicting  cold-waves.  This  fact  has 
been  l)orne  in  mind  in  devising  the  method.  It  will  not 
require  more  than  half  an  hour  to  apply  it  in  any  particular  case. 
Planimeter  measurements  of  the  extent  of  high  and  low  areas 
of  pressure  were  resorted  to  in  the  special  cases  used  in  deter- 
mining the  constants  of  the  formula.  But  this  is  not 
necessary  in  determining  the  extent  of  an  area  of  low  pressure 
in  the  prediction  of  cold-waves.  The  area  computed  from  the 
measured  lengths  of  the  greatest  and  least  axis  of  the  outside 
isobar  of  the  area  will  be  sufficient  Considering  this  area  as 
the  base  of  a  cone,  and  the  altitude  as  the  difference  between 
the  outside  isobar  and  the  lowest  barometer  reading,  its  con- 
tents can  be  computed  with  sufficient  accuracy  for  the  purpose 
required. 

The  predictions  of  cold-waves  according  to  this  method  will 
be  better  than  those  of  the  past  in  that  part  of  the  country 
south  of  the  States  of  Missouri  and  Kansas  and  south  of  the 
Ohio  River.  Not  much  improvement  can  be  expected  in  the 
far  northwest,  where  there  is  no  opportunity  to  measure  the 
extent  of  the  "  high,"  where  it  is  apt  to  be  over  a  country  not 
covered  by  observation.  Neither  can  the  method  give  much 
improvement  in  the  New  England  States,  where  the  "  low  "  is 
often  out  over  the  ocean  and  the  '*high"  to  the  north  of  the 
Dominion  of  Canada.  The  use  of  tne  rule  for  computing 
maximum  fall  will,  however,  make  some  improvement  m  the 
predictions  for  these  regions.  Though  only  adapted  for  giving 
the  temperature  at  the  place  of  greatest  fall,  it  can  nevertheless 
be  used  for  other  places,  and  will  give  a  value  for  the  fall  that 
will  certainly  not  be  exceeded. 

Fuller  details  for  the  use  of  this  method  in  prediction  of 
cold-waves  will  be  found  in  the  annual  report  of  the  Chief 
Signal  Officer  for  the  year  1890. 
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Abt.  LX. — On   a  peotdiar  metiiod  of  Sand-transportation 

by  Rivera  ;  by  James  C.  Graham. 

It  is  nsuallj  stated  that  the  transporting  capacity  of  a  stream 
is  dependent  npon  (1)  the  volume  and  velocity  of  the  current, 
(2)  the  size,  shape  and  specific  gravity  of  the  sediment,  and 
(8)  upon  the  chemical  composition  of  the  water.  There  has 
recently  come  under  my  observation,  however,  a  case  which 
does  not  come  under  tne  usual  interpretation  of  these  condi- 
tions. It  was  a  ^ase  of  the  transportation  of  siliceous  Band 
upon  the  surface  of  the  water,  due  to  capillary  floating. 

It  is  well  known  that  a  needle  can  be  placed  gently  upon  the 
water  so  as  to  float,  the  force  of  capillary  attraction  producing 
a  surface  tension  so  as  to  prevent  its  sinking.  This  same  prin- 
ciple was  being  used  in  removing  sand  from  a  bar  jutting  out 
from  an  island  in  the  Connecticut  River. 

The  erosion  was  being  carried  on  from  the  side  of  the  bar 
against  which  the  current  did  not  strike.  It  took  place  b? 
gentle  ripple  waves  splashing  up  against  the  sand  bar  (whicL 
was  at  an  angle  of  about  150  to  the  surface  of  the  water)  and 
upon  the  retiring  of  each  wave  a  little  float  of  sand  would  be 
on  the  water.  At  first  these  were  about  the  size  of  a  silver  q1la^ 
ter  of  a  dollar,  but  by  the  union  of  a  numl>er,  some  floats  would 
be  formed  of  about  six  inches  square.  These  blotches  were  bo 
numerous  as  to  be  very  noticeable  in  rowing  up^he  river  and 
could  be  traced  for  half  a  mile  or  more  below  the  bank,  though 
this  bank  from  which  the  sand  came  was  but  a  few  yards  long. 

If  one  of  the  blotches  was  disturbed  by  touching  or  the  too 
violent  action  of  the  waves,  it  would  immediately  separate,  the 
particles  at  once  falling  to  the  river  bottom. 

The  above  facts  seem  to  me  interesting  for  several  reasons 

(1.)  It  shows  that  coarse  sand  can  he  floated  away  by  a  car- 
rent  of  far  less  velocity  than  04545  miles  per  hour. 

(2.)  It  shows  a  method  of  removing  sand  from  the  lower  side 
of  a  forming  bar  which  has  gotten  above  high  water  mark 

(3.)  It  indicates  a  possible  explanation  of  the  coarser  particlefi 
of  sand  occasionally  found  in  otherwise  very  fine  deposits. 


Art.  LXI. — Note  on  the  Creta^eoua  recks  of  Northern  CaU' 

fornia  ;  by  J.  S.  Dilleb. 

While  preparing  a  geologic  map  of  the  northern  portion  dF 
the  Sacramento  Valley,  two  sections  about  30  miles  apart  of 
the  unaltered  Cretaceous  rocks  upon  its  western  border  north 
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f  the  40th  Parallel  were  measured. by  Mr.  J.  Stanley-Brown 
ad  myself.  The  measurements  were  made  with  Green's 
juare  clinometer  compass  and  a  hundred-foot  wire.  Many 
>8sils  were  collected  along  the  lines  of  the  sections  as  well  as 
pon  both  sides.  They  have  been  identified  by  Mr.  T.  W. 
tanton,  under  the  supervision  of  Dr.  C.  A.  White,  who 
indly  furnished  information  concerning  the  age  of  the  rocks. 


Section  on  Elder  Creeky  Tehama  Co,y  Cal. 

Thickness  in  feet. 

Thin  sandstone  with  a  large  portion  of  shales 

which  are  locally  folded 1115 

Massive  sandstone  with  a  few  thin  beds  of  shale       160 
Shales  containing  one  bed  of  sandstone  25  feet 

thick 665 

Massive  sandstone _ 555 

Soft  conglomerate  containing  Chico  fossils 20 

Massive  sandstone  with  thin  conglomerates 397 

Shales 186 

Massive  conglomerate  containing  some  limestone 

pebbles 271 

Sandstone,  some  shale  and  thin  beds  of  conglom- 
erate         320 

Massive  conglomerate 43 

Some  sandstone  and  shale,  but  chiefly  conglom- 
erate with  Chico  fossils 235 

? Apparent  thickness  of  Chico  beds,  3897 

Shales  with  thin  sandstones 552 

Shales _ 585 

Sandstone 50 

Shales  containing  two  beds  of  sandstone,  one  8  ft. 

and  the  other  12  ft.  in  thickness .  „ 2090 

Shales  and  thin  sandstones 1674 

Sandstones  and  shales,  then  shales  only 1158 

? '• —  Apparant  thickness  of  Horsetown  beds,  6109 

Shales,  twisted  and  veined,  containing  Aucella  .     1795 
Shales  with  calcareous  layers,  (much  covered)..     4968 

"  '•  ''  5574 

Shales  in  belt  700  feet  wide  much  folded 

Shales  and    shaly  sandstones    with    calcareous 

^  layers    2002 

.  Shales  and  shaly  sandstones, — small  sandstones 

'S  increase,  contain  ^uce/^ 8933 

iQq  Shales  and  thin  sandstones 1702 

Apparent  thickness  of  unaltered  Aucella  beds,  1,9974 
Apparent   total  thickness  of  unaltered  Creta- 
ceous strata 2,9978 
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The  top  of  the  Chico  beds  was  not  exposed.  It  lies  beneath 
the  newer  formations  which  occupy  the  middle  portion  of  the 
Sacramento  valley.  The  apparent  thickness  of  the  series  may 
have  been  somewhat  increased  by  faulting. 

Section  on  North  Fork  of  Cottonwood  Creek^  Shasta  Co.^  CaL 

Shales  containing  Cbico  fossils 621 

Shales  with  this  sandstones 180 

Shales 1908 

Conglomerates  and  sandstones  with  many  Chico  fos- 
sils        914 

Thickness  of  Chico  beds,  3623 

Shales    including    10    feet  of  sandstone    contains 

numerous  itoi-setown  fossils 2870 

Shales    with    some    sandstones  contains  numerous 

Horsetown  fossils 1 787 

Sandstone  with  coarse  conglomerates  at  base  of  series       561 • 

Thickness  of  Horsetown  beds,  5218 

Apparent  total  thickness  of  unaltered  Cretaceous,  8841 

The  top  of  the  Chico  as  in  the  other  section  was  not  exposed. 
The  apparent  thickness  of  the  series  may  have  been  somewhat 
increased  by  faulting,  a  condition  suggested  by  the  occurrence 
of  Chico  fossils  near  the  western  limit  of  the  Cretaceous  rocks. 
Aucella  was  not  found  in  this  section,  and  the  basal  member 
of  the  series  rests  directly  and  unconformably  upon  the  meta- 
morphie  rocks. 

»U.  S.  Geol.  Survey,  Washington,  D.  C. 


Art     LXII. — Magnetic    and   Gravity    Ohservatiojis   on   the 
West  Coast  of  Africa  and  at  some  islands  in  the  North 
and  /South  Atlantic ;  by  E.  D.  Preston.* 

The  value  of  certain  magnetic  observations  depends  on  the 
interval  of  time  between  the  determinations :  gravity  observa- 
tions, when  their  object  is  a  more  accurate  knowledge  of  the 
shape  of  the  earth,  depend  for  their  value  on  the  area  over 
which  the  stations  are  scattered.  Coast,  continental  and  island 
stations,  as  well  as  those  on  mountains  and  plains,  each  have 
their  own  particular  evidence  to  furnish.  It  must  be  admitted 
that  this  evidence  is  not  always  unanimous,  but  the  lack  of 
unanimity  niav  result  from  a  real  cause,  inherent  in  the  nature 
of  matter,  or  it  may  he  only  apparent  and  come  from  the  dif- 

*  Read  before  the  Amerieau  Association  for  the  AdTaDoement  of  Science, 
Indianapolis  Meeting,  August.  1S90.  Published  by  permission  of  the  Superin- 
tendent of  the  U.  S.  Coast  and  Geodetic  Survey. 
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ference  in  instruments  and  in  the  interpretation  of  results. 
Then  again,  if  it  may  be  assumed  tliat  the  mean  figure  of  the 
earth  is  already  known,  as  closely  aa  the  pendulum  will  give  it, 
research  should  be  carried  on  by  determining  local  variations 
of  the  force  of  gravity. 

It  is  evident  that  extended  voyages  oflEer  exceptional  facili- 
ties for  increasing  our  knowledge  in  magnetism  and  gravita- 
tion and  should  be  utilized  when  possible.  Such  an  occasion 
presented  itself  in  the  fall  of  1889  when  it  was  proposed  to 
send  an  expedition  to  Africa  to  observe  the  total  eclipse  of  the 
mm  on  December  22.  The  eclipse  party  was  under  the  direc- 
tion of  Professor  Todd  of  Amherst  College.  Through  his 
courtesy,  and  by  authority  of  Commodore  Dewey,  Chief  of 
Equipment  and  Recruiting,  U.  S.  N.,  the  superintendent  of 
the  Coast  and  Geodetic  Survey  sent  one  of  the  assistants  to 
make  magnetic  and  gravity  observations.  Originally,  work  of 
this  nature  was  only  proposed  for  the  eclipse  station  in  Angola. 
It  was  noticed,  however,  that  on  the  return  trip,  several  impor- 
tant stations  might  be  visited  without  much  loss  of  time,  and 
that  these  stations  had  already  been  occupied  by  earlier  pendu- 
lum observers.  Permission  was  therefore  granted  by  the  Hon. 
Secretary  of  the  Navy,  for  the  vessel  to  stop  at  the  Cape  of 
Oood  Hope,  St.  Helena  and  Ascension  long  enough  to  enable 
the  Coast  and  Geodetic  Survey  representative,  to  make  his  de- 
terminations. In  addition  to  this,  stops  were  made  at  Barba- 
dos and  Bermuda,  and  through  the  kindness  of  Captain  Yates, 
commanding  the  "Pensacola,"  full  series  of  observations  were 
obtained.  On  the  outward  trip  time  was  more  valuable  since 
it  was  desirable  to  reach  Angola  as  soon  as  possible.  For  this 
reason  only  magnetic  work  was  attempted  at  the  coaling  places. 
There  appear  then  as  the  result  of  the  trip  fourteen  magnetic 
and  eight  gravity  stations,  distributed  as  follows  :  Azores,  Cape 
Verde  Islands,  Freetown  in  Sierra  Leone,  Elmina  on  the  Gold 
Coast,  St.  Paul  de  Loanda,  and  Cabiri,  in  Angola,  Capetown, 
St.  Helena,  Ascension,  Barbados,  and  Bermuda.  On  both 
St.  Helena  and  Ascension  the  force  of  gravity  was  measured 
at  the  level  of  the  sea  and  at  the  highest  elevation  practicable. 
On  the  former  island  Jamestown  was  selected  for  the  lower 

?oint,  and  Napoleon's  residence  at  Longwood,  for  the  upper, 
'he  pendulum  apparatus  was  set  up  in  the  kitchen  of  what  is 
known  as  Napoleon's  new  house,  now  leased  by  Mr.  Deason. 
At  Ascension  the  sea  station  was  at  Georgetown — the  other 
was  on  Green  Mountain.  Foster's  observations  at  the  latter 
place  show  a  defect  of  gravity  of  two  oscillations  per  day  as 
compared  with  the  sea-level — that  is  to  say,  that  having  cor- 
rected his  oscillations  on  the  summit,  for  elevation,  and  for  the 
effect  of  the  mountain,  on  the  supposition  that  it  was  solid,  he 
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found  the  result  to  be  less  than  the  number  of  oscillations, 
actually  counted  at  the  sea-level.  As  some  recent  observations 
on  island  mountains  give  results  at  variance  with  this,  it  was 
desirable  to  repeat  the  Ascension  work  with  modern  instru- 
ments. Indeed,  it  was  to  connect  with  Foster,  and  to  verify 
his  result  for  Ascension,  that  an  extension  of  our  gravity  work 
was  proposed.  The  entire  voyage  lasted  eight  months,  of 
which  123  days  were  spent  on  shipboard.  The  area  covered 
by  the  stations  extends  from  Washington  on  the  north  and 
west,  to  Capetown  on  the  south  and  east,  making  a  range  of 
73°  in  latitude  and  96*^  in  longitude.  It  so  happens  that  the 
most  northern  station  is  also  the  most  western,  and  the  most 
southern  the  most  eastern.  The  elevations  range  from  7  feet 
at  Bermuda  to  2,250  at  Ascension.  The  magnetic  observations 
at  Azores,  Cape  Verde  Islands,  Freetown  and  Elmina  were 
shortened  by  lack  of  time,  one,  or  at  most  two  days  being  de- 
voted to  each  place ;  but  at  all  other  stations  the  declination, 
dip,  and  horizontal  force,  were  determined  on  each  of  three 
consecutive  days,  besides,  at  a  few  stations,  making  hourly  ob- 
servations on  several  other  days.  At  Cabiri  the  needle  re 
mained  suspended  during  the  total  eclipse,  but  no  abnormal 
change  was  noticed.  For  the  gravity  work,  at  every  station 
about  30  swings  were  made  with  each  pendulum — using  them 
in  both  positions,  and  continuing  the  observations  through  the 
entire  24  hours.  The  pendulums  used  were  Nos.  2  and  3,  of 
the  Peirce  pattern,  being  of  the  invariable  reversible  type. 
The  length  of  the  former  between  the  knives  is  one  meter, 
that  of  the  latter  a  yard.  Besides  having  been  employed  at 
numerous  home  stations,  No.  3  has  now  been  swung  at  13  for- 
eign ones ;  including  several  in  the  Pacific. 

Of  the  14  magnetic  stations  all  but  one  have  been  occupied 
by  earlier  observers.  Determinations  were  made  in  the  Azores 
between  1497  and  1829 ;  in  the  Cape  Verde  Islands  between 
1841  and  1853;  in  Sierra  Leone  between  1826  and  1842;  at 
Freetown,  by  Sabine,  in  1822;  at  Cape  Coast  Castle,  seven 
miles  from  Elmina,  in  1838  and  1841.  St.  Paul  de  Loanda 
has  a  magnetic  observatory,  and  issues  published  reports  con- 
taining results  for  declination,  dip  and  intensity.  The  work  at 
the  Cape  of  Good  Hope  between  1840  and  1850,  is  well  known, 
and  Sabine's  account  of  five  years'  observations  at  St.  Helena 
from  1841  to  1845,  is  one  of  our  classic  magnetic  volumes. 
The  station  at  Sister's  Walk  in  Jamestown,  was  selected  by 
Sir  James  Ross  in  1840,  but  as  the  values  at  this  point  are  not 
normal  the  Coast  Survey  station  was  chosen  some  distance 
back  from  the  mountain  and  midway  between  it  and  Ladder 
Hill.  Sister's  Walk  is  close  aeainst  the  foot  cliffs  of  Rupert's 
Hill.     The  dip  was  measurea  at  Ascension  in  1822,  and  all 
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liree  elements  were  determined  by  the  Challenger  Expedition 
a  1876.  Observations  have  been  made  eight  times  at  the  Bar- 
lados  between  1726  and  1844  and  six  times  at  Bermuda  be- 
ween  1831  and  1876.  The  Coast  Survey  determinations  at 
he  latter  place  were  made  on  Nonsuch  Island  at  the  extreme 
tastem.  end  of  the  group.  They  are,  undoubtedly,  the  only 
oagnetic  observations  ever  made  at  this  place,  and  it  is  more 
han  probable  that  the  station  will  never  be  re-occupied.  This 
8  to  be  regretted ;  but  it  was  necessary  to  utilize  the  ten  days 
(pent  in  quarantine  in  order  to  make  steamer  coimection.  The 
wrork  had  to  be  done  here,  if  it  was  to  be  done  at  all  in  Ber- 
nnda. 

The  gravity  stations  in  common  with  other  observers  were 
Dapetown,  St.  Helena  and  Ascension.  Foster's  celebrated 
series  includes  all  of  these.  Sabine  determined  gravity  at 
Ajscension  in  1822  and  deFreycinet  observed  at  the  Cape  in 
bis  voyage  around  the  world  in  1819.  Besides  the  idea  of 
verifying  Foster's  result,  that  Ascension  Island  is  too  light,  it 
was  highly  desirable  to  connect  his  service  with  our  own,  which 
Dow  includes  island  as  well  as  continental  stations.  But  it  was 
assumed  sufficient  to  have  the  series  exactly  coincident  at  two 
points.  Lemon  Valley  was  therefore  not  re-occupied  at  St. 
Helena.  Moreover,  the  Ascension  stations  are  practically  iden- 
tical in  the  two  series,  and  St.  Helena  was  occupied  at  the  sea 
18  well  as  at  the  summit,  which  gives  a  third  connection  with 
Foster,  and  supplies  a  check  on  his  Ascension  result. 

In  order  that  an  approximate  estimate  might  be  made 
for  the  matter  lying  above  the  sea-level  at  St.  Helena,  many 
heights  were  determined  barometrically  by  Professor  Abbe  of 
the  U.  S.  Signal  Service.  By  using  these,  some  idea  of  the  at- 
traction of  the  mountain  may  be  had,  and  it  will  then  be  seen, 
whether  the  islands  in  the  Atlantic  and  Pacific  differ  essentially 
AS  regards  internal  structure.  Rock  specimens  were  brought 
from  both  St.  Helena  and  Ascension.  Their  densities  may 
pve  an  indication  of  what  we  should  look  for  in  the  gravity 
results,  providing  that  both  islands  were  subject  to  the  same 
laws  of  formation. 

The  "  Pensacola  "  staid  at  St.  Helena  but  sixteen  days.  Dur- 
ing this  time  two  stations  were  selected,  the  pendulums  were 
swung  through  six  consecutive  days  and  nights  at  each  place, 
magnetic  observations  were  made  on  six  different  days  and  the 
instrumental  outfit  transported  to  and  from  the  mountain  top. 
Equally  rapid  progress  was  made  at  Ascension,  where  the  con- 
ditions were  similar  in  many  respects.  This  amount  of  work 
could  not  have  been  accomplished,  however,  without  the  able 
and  generous  assistance  of  the  naval  cadets  attached  to  the 
"  Pensacola,"  and  of  Professor  Bigelow  of  the  eclipse  party,  to 
all  of  whom  I  wish  here  to  express  my  obligations.     I  wish 
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also  to  tender  thanlcB  to  Captain  A.  R.  YateSi  oommandiu 
and  to  Lieut.  Commander  Manford,  ezecntiTe  officer  of  i£e 
'^  Pensaoola."  The  landing  and  ahipping  of  the  instramentB  wii 
always  a  matter  requiring  care,  and  was  often  done  under  difi- 
onlty,  yet  in  the  nomerons  transfers  nothing  was  ever  hroka 
or  lost 

An  aoconnt  of  the  trip  would  be  incomplete  without  a  doe 
acknowledgment  of  the  services  rendered  by  tiie  goyemmeDt 
officials  at  the  difEerent  stopping  places. 

At  Loanda  the  governor  of  the  province  of  Angola  gave  v 
free  passes  for  all  railroad  travel  from  the  coast  to  Cabin,  where 
the  pButy  went  to  observe  the  eclipse  on  December  SS.  At  the 
Cape  of  (}ood  Hope  every  facility  was  given.  Her  Hajea^ 
Astronomer,  Dr.  Gill,  kindly  furnished  myself  and  aid  with 
quarters  at  the  observatory,  and  made  a  special  time  de* 
termination  every  night  for  pendulum  work.  The  railroid 
authorities  gave  passes  for  a  tnp  to  the  diamond  fields  at  Eim- 
berly,  600  miles  m  the  interior.  As  a  week  was  neceseaiy  for 
this,  the  kind  offer  could  onlv  be  accepted  by  those  unoceofHed 
with  scientific  work.  At  Dt.  Helena  Gov.  Antrobus  offered 
the  use  of  the  public  park  for  the  magnetic  observations,  and 
the  library  room  of  the  police  court  for  the  gravity  work. 
The  unique  character  of  tne  island  government  at  Ascenacii 
placed  us  under  more  than  ordinary  obligations.  As  there  ire 
no  civilians  at  this  place  we  were  necessarily  the  guests  of  Her 
Majesty's  Government.  Capt.  R.  H.  Napier,  R.  N.,  placed  si 
our  disposition  an  entire  building  in  Bnnghole  Square  for  the 
observations  at  the  garrison.  The  pier  was  built  for  the  traofiit, 
tents  were  erected  for  magnetic  and  astronomical  work,  and 
'guard  duty  performed  by  the  marines.  A  ration  per  day  from 
the  island  stores  was  served  to  each  member  of  the  party  d^^ 
ing  the  stay.  At  Barbados  and  Bermuda  we  were  again  on 
English  soil  and  received  the  usual  generous  welcome.  At  the 
former  place  Governor  Sendall  came  to  Hastings  and  made  a 
personal  examination  of  the  instruments  and  methods  of  ob- 
serving. At  Bcrnmda  General  Newdegate  kindly  gave  as  the 
use  of  the  government  launch  for  the  transportation  of  the  in- 
stmnicnts  trom  Quarantine  Island  to  St.  Georges,  besides  show- 
ing other  attentions  of  an  unofficial  character. 

The  definite  results,  from  the  observations  on  this  voyage, 
may  be  expected  before  the  next  meeting  of  the  Association. 
Whether  they  show  the  Atlantic  islands  to  be  light  or  heavy  as 
compared  with  the  continental  masses,  they  will  at  least  add 
considerable  new  material  for  the  determination  of  the  earth's 
figure. 

The  following  table  contains  a  list  of  the  stations  with  their 
approximate  positions,  date  of  occupation,  kind  of  detennint- 
tions  and  initials  of  observers. 
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Art.  LXUI. — On  the  Fowlerite  variety  of  IihodoniUfrm\^ 
Franklin  cmd  Stirling,  If.  J. ;  b j  L.  V.  Pibsson.         y 

The  zinc-bearing  rhodonite  of  Franklin  and  Stirlioff  UiD, 
N.  J.,  has  long  been  known  under  the  name  of  Fowlente.  It 
was,  so  far  as  can  be  learned,  first  mentioned  by  Fowler*  in 
1825,  who  speaks  of  a  red  siliceous  oxide  of  manganese,  whid 
had  been  lateW  observ^ed  by  Dr.  Thos.  Nattall.  It  was  aba 
described  by  Thomsonf  in  1828.  Analyses  also  have  beat 
published  by  Hermann4  Bamme]sberg§  and  Camacl 
,  The  crystal  form  and  physical  properties  of  this  variety  of 
rhodonite  have  not  been  thoroughly  investigated.  It  im^  hoiF 
ever,  important  to  our  knowledge  of  the  species  that  this  should 
be  done,  in  order  to  determine  how  far  a  departure  from  the 
normal  tjpe,  if  any,  the  introduction  of  the  zinc  has  eamed. 
A  new  chemical  analysis,  upon  some  of  the  very  fine  miteriil 
which  within  a  few  years  past  has  been  brought  to  light  abo 
seemed  desirable.  It  is  with  these  objects  in  view  &at  the 
present  investigation  has  been  made. 

The  mineral  occurs  imbedded  in  caldte,  in  the  outer  walli 
of  the  mines  and  it  is  when  these  are  broken  into,  in  the  pro- 
cess of  working,  that  the  best  specimens  have  been  obtained. 
The  crystals  occur  of  all  sizes,  from  four  inches  long  by  one  in 
width  and  thickness,  to  individuals  of  microscopic  dimeDsions 
and  also  in  large  masses  crystalline  in  structure  and  possessiog 
characteristic  cleavage  but  without  crystal  faces,  tjpon  dis- 
solving away  the  calcite  covering  these  lumps,  with  hydro- 
chloric acid,  a  side  will  often  be  found  which  is  completeij 
covered  with  interlaced  masses  of  small  crystals.  The  larger 
crystals  also  occur  in  these  confused  masses  and  during  uie 
past  few  months,  there  has  been  a  magnificient  specimen  of 
this  mineral  on  exhibition,  in  New  York,  consisting  of  a  large 
group  of  well  formed  crystals  of  the  largest  size. 

The  color  in  general  is  a  beautiful  rose-pink  and  in  small 
and  perfect  crystals  the  mineral  is  transparent.  The  smaller 
ones  are  much  more  homogeneous  than  the  larger  individaalsi 
the  latter  being  often  pitted  with  inclusions  of  calcite  and  other 
material.  All  specimens  that  have  been  observed  are  com- 
pletely permeated  with  cleavage  cracks,  even  those  of  micro- 
scopic size.     As  a  result  of  this  the  mineral  is  extremely  brittle. 

Like  most  minerals  associated  with  calcite,  the  luster  of  the 
crystal  faces  is  almost  entirely  wanting.  When  present  it  iB 
seen  on  the  basal  plane,  the  prisms  and  the  2  (221)  pyramid; 


♦This  Journal,  I,  ix,  246,  1826. 

IJoum.  pr.  Chem.,  xlvii,  6. 
This  Journal,  II,  ziv,-418,  1862. 


t  Ann.  Lye  N.  Y.,  Ui,  28,  ISSa 
§  Min.  Chem.,  469. 


X.  F.  jPirssan — Fowlerite  variety  of  Hhodonite.        485 

Q  the  other  pinacoids  and  on  all  other  faces  it  is  almost 
ivariably  lacking,  even  though  in  many  cases  the  flat  surface 
f  the  planes  and  the  sharp  edges  between  them  are  quite  well 
reserved.  In  other  examples  the  edges  also  are  wanting, 
insing  a  rounding  off  of  the  crystal,  especially  in  the  zones 
51  y\  100  and  001  a,  010.  This  rounding  is  also  more  noticeable 
I  the  smaller  individuals  which  are  much  more  highly  modi- 
Bd  than  the  larger  ones. 

All  this  made  the  crystallographic  investigation  of  the 
tineral  a  difficult  matter  and  very  accurate  measurements  an 
npossibility.  In  examining  a  number  of  crystals,  however, 
>ine  were  lound  which  gave  reflections  of  the  signal  with  a 
lir  degree  of  accuracy  and  from  the  best  of  these  were  chosen 
le  angles  taken  as  fundamental.  Some  faces  which  had  lost 
aeir  luster  gave  no  reflections  whatever,  and  not  even  an 
pproximate  schimmer  measurement  could  be  made.  The 
ianes  being  often  well  preserved  however,  the  expedient  of 
living  them  an  extremely  thin  coating  of  a  varnish  of  mucilage 
nd  water  was  adopted  and  by  this  means  using  the  8  ocular 
•f  Websky  tolerably  accurate  measurements  could  be- made 
ipon  them,  particularly  upon  the  larger  crystals. 

The  following  forms  have  been  observed : 

a,  100,  i-l 

b,  010,  t-! 

c,  001,  0 
m,  110,  /' 
M,  lIO.  / 

Of  these  planes  e,  />  and  <p  are  new.  Also  on  some  of  the 
mailer  crystals  the  following  new  forms  have  been  identified, 
nth  only  a  fair  degree  of  accuracy  however,  from  causes 
nentioned  above:  -f  445;  -f  883;  -6',  661;  on  the 
imallest  crystals  there  are  traces  of  macro-  and  brachy-pyra- 
nids,  which  cannot  be  identified  with  even  an  approach  to 
iccuracy. 

The  angles  taken  as  fundamental  were 

001  ..100;  001^110;  100  ^110;  lIO  .s  001  and  001  >.  221. 

And  from  these  we  obtain  the  axial  ratios  and  angles : 

a:  6:  c=1078:  1:0-62627;  a=103"  39';  /3=  108'' 48' 30";    y=8lo  65' 

The  crystal  form  of  the  rhodonite  from  Pajsberg  and  Lftngban 
bas  been  investigated  by  G.  Flink.*  He  has  made  some  errors 
in  his  calculations  and  correcting  these,  we  have  from  his 
measurements  the  following  ratios  and  angles : 

d:6:c=l-0728:l:-6217;  a=103^  18'  08',  1^=108"  4V  lb",  y=SV  39'  \6' 

which  gives  as  close  an  agreement  with  the  above  as  could  be 

♦  Zeitschrift  fiir  Kryst  1886,  pp.  506. 


/i,    401,-4-1 

c*  441,  -4' 

/)*  ^01,      2-i 

A:,     521,      2' 

^♦,  401,       4-1 

r.     Ill,      1 

q,    221,  -2' 

n,     221,      2 
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expected,  considering  the  degree  of  accnncj  attained  in  tkif  ^ 
measurements. 

In  the  following  table,   for  the  sake  of  oompariflon  tkefti 
calcalated  angles  as  presented  by  Flink  are  given  in  the  fint 
column,   in  me  second  are  the  angles  calcalated  from  the 
fundamental  measurements  mentioned  above,  and  lastly  thoie 
measured  on  the  fowlerite.* 

CalenUled.  XcMvred. 

FHok.  Aiitlior. 

c   /.dh  001/.100  72o36'30'  •72o  SC  M'SC,    72*85',  WW, 

e  ^b,   001/. 010  78    42   30  78    16 

llAfn,  IIOaMO  92    28   36  92    49  30'  91  46 

m^ft,    110/.010  46    52   64  46    32  46  38      46  U 

Mac,    IiOaOOI  86    23   60  •SO    41  86  40     f^t  15     86  26     MST 

iiIaC,   UOaOOI  68    44  66  *68    26  68  28      68  24 

k  ^e,    221 A  001  62    22   20  *62    21  62  28      63  16 

Ma  a,  no  A 100  43    66   30  44    19  30  43  16  '" 

m^a,  no  A 100  48    33     6  *48    30 

r  ^e,    Til  A  001  46      9   27  46    41  46  22    t46  20 

fiAC,    S21..001  74    23   43  74    42  74  02      74  44     74  48   \H 

q  aC    221a001  43      7    26  48    11   80  43  16 

e  aC,   441a001  63    62  63  41 

/<aC,401a001  62    2120  62  26      68  55  fSl  ^     Ull 

p  aC,    501a001  69    19  68  37 

^aO^^OIaIOO  26  26  25  46 

001a445  26  47  26  60 

001..661  68  15  68  87 

001a883  48    06  47  38 

In  general,  it  is  to  be  noted  that  the  more  exactly  a  metsnie- 
ment  could  be  made,  it  was  found  to  agree  with  greater 
closeness  with  the  calculated  one  for  this  varie^,  than  with 
that  given  by  Flink  and  this  is  the  only  hint  we  have  that  the 
introQUction  of  the  zinc  has  produced  any  change  in  the  axiil 
ratios  and  angles.  In  order  to  determine  this,  however,  mndi 
more  exact  measurements  must  be  made  on  better  materiil 
than  is  at  present  to  be  had. 

In  the  figures  Nos.  1  and  2  represent  the  ordinary  habit  of 
the  larger  crystals  Almost  invariably  they  are  characteriied 
by  a  development  in  the  direction  of  the  prism  M,  llo.  Fiff. 
8,  however,  shows  one  with  a  greater  development  of  the  priBm 

].  2. 


*  Those  measurements  with  a  dagger  (f)  io  front  are  tiie  mean  at  a  aariMof 
ons  with  a  hand  goniometer  on  lusterlen  &oe8  of  rwj  laigv  oyibJi^ 
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sny  110.     Often  instead  of  having  a  nearly  equal  breadth  and 
tihickness,  there  is  a  greater  development  of  the  basal  planes, 

Slving  rise  to  flat,  tabular  forms.     One  of  these  is  shown  in 
ig.   4.     This  particular  crystal  was  also  characterized  by  the 

3.  4. 


pyramid  —4'.  For  reasons  already  stated,  the  smallest  crystals 
could  not  be  measured  or  figured  with  any  exactness,  to  show 
their  more  complex  forms.  In  some  the  rounding  off  of  the 
planes  is  so  great  that  they  are  nearly  spherical  in  shape. 

The  cleavage  is  prismatic,  perfect,  like  the  normal  type  of 
rhodonite;  the  following  were  measured  OOly^lIO  (cleavage) 
86"*  47',  calc.  86°  41';  lI0/^110,  (cleavage) /^ (cleavage)  92'' 
89i',  calc.  92°  49^';  001/^110  (cleavage),  70°,  calc.  68°  25'. 

In  the  endeavor  to  ascertain  whether  this  variety  differed  in 
any  degree,  in  its  optical  orientation  from  the  normal  type, 
great  difficulty  was  found  in  making  thin  sections.  It  was 
nearly  impossible  to  grind  such  a  hard  brittle  material  com- 
pletely filled  with  cleavage  cracks  to  any  satisfactory  degree  of 
thinness.  After  considerable  search,  however,  a  small  trans- 
parent tabular  crystal  was  found  which  could  be  used  for  an 
oriented  basal  section  and  on  this  the  angle  of  extinction  was 
about  54°  from  the  edge  of  the  prism  110,  in  the  acute  angle 
110/slIO.  Flink  gives  54°  26'  and  from  this  it  is  inferred 
that  there  is  little  or  no  difference  in  the  position  of  the  axes 
of  elasticity. 

For  the  chemical  analysis,  only  such  small  transparent  or 
translucent  crystals  or  crystal  fragments  were  chosen,  that  in 
transmitted  light,  by  the  aid  of  a  lens  were  seen  to  be  pure 
and  free  from  inclusions  and  from  any  adherent  material. 
They  were  treated  with  weak  hydrochlonc  acid  to  remove  any 
adhering  calcite,  washed  and  dried  and  their  specific  gravity 
carefully  taken  with  a  pygnometer  at  about  65°  F.  It  was 
3*674.  The  material  was  tnen  dried,  powdered,  dried  at  100° 
C.  and  subjected  to  analysis.  A  synopsis  of  the  method  used 
is  as  follows :  Silica  was  separated  by  the  usual  sodium  car- 
bonate fusion.  Iron  separated  as  a  basic  acetate  and  tested  for 
silica.  Zinc  precipitated  in  the  filtrate  as  a  sulphide  and 
determined  by  changing  to  a  carbonate.  The  manganese  was 
then  separated  from  the  lime  and  magnesia  by  bromine  and 
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converted  into  phosphate.    In  the  filtrate  the  lime  was  sepi- 
rated  from  magnesia  as  an  oxalate  and  the  magneaia  determined 
as  a  phosphate. 
The  analysis  gave  the  following  results : 

-7676        1-00 
•7619        1-02 


1. 

s. 

HMD. 

Ratio. 

SiO,..,. 

46-96 

46*16 

46-06 

-7676 

FeC... 

3-56 

3-70 

3-63 

-0504 1 

ZnC... 

7-39 

7-28 

7-33 

•0906 

MnO  ... 

34-46 

34-11 

34-28 

•4828  ^ 

CaC... 

7  06 

7-03 

7-04 

•1267 

MgO.... 

1-22 

1-38 

1-80 

•0325  J 

Total  ... 

99-63 

99-66 

99-64 

This  gives  the  correct  formula  for  a  meta-silicate  S  SiOg.  It 
does  not  show  however  that  there  is  any  definite  ratio  in  the 
isomorphotis  mixture  of  the  molecules  of  the  different  silieites 
present 

In  closing,  the  author  desires  to  express  his  thanks  to  Prof 
6.  J.  Brush  for  his  kindness  in  affording  the  material  upon 
which  this  investigation  was  made  and  to  I'rof.  8.  L.  Penneld 
for  valuable  assistance  and  advice. 

MiDeralogical  Laboratory  of  the  Sheffield  Soientlflc  Sdiool, 
New  HaveD,  Oonn.,  May,  1890. 


Art.  LXlY,^-So7ne  Obset^'Vations  on  the  BeryUium.  Minerah 
from  Ml  Antero^  Colorado;  by  S.  L.  rENFiBLD. 

During  the  past  few  years  crystals  of  beryl,  bertrandite  and 
phenacite  have  been  abundantly  found  associated  with  one 
another  at  Mt.  Antero  and  Mt.  White,  one  of  its  spurs.  They 
are  either  implanted  on  granite  or  on  crystals  of  the  granitic 
minerals  quartz  and  feldspar,  but  to  my  knowledge  no  very 
exact  data  regarding  the  occurrence  of  the  minerals  has  been 
obtained.  Owing  to  the  great  number  of  specimens  which 
have  been  collected,  the  beauty  of  the  crystals  as  well  as  the 
interesting  crystallization  of  the  rare  bertrandite  and  phenacite 
these  minerals  have  been  of  unusual  interest  to  mineralogistSb 

1.  Beryl, 

It  is  almost  certain  that  beryl  is  the  parent  mineral  which 
has  furnished  the  beryllium  for  the  bertrandite  and  phenacite 
as  both  of  these  occur  associated  with  and  frequently  implanted 
on  beryl  crystals.  The  beryl  occurs  in  transparent  light  gre©^ 
and  blue  prismatic  crystals  of  the  aqua-marine  variety.  They 
are  usually  very  simple,  combinations  of  the  hexagonal  prism 
lOlO  aTid  base  0001  being  most  common,  while  occasionally  a 
pyramid   of  the  second  order  2-2,  llSl  and  the  dihexagooal 
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piiBin  i-|,  2l30  may  be  observed.  The  most  interesting 
feature  of  the  crystals  is  that,  while  the  material  of  the  beryl 
is  perfectly  fresh  and  transparent,  the  crystals  have  been 
attacked  by  some  solvent  and  partially  dissolved  away  with 
the  formation  of  very  prominent  etchings.  The  extent  to 
which  the  crystals  have  been  etched,  varies  much  in  the 
different  specimens,  while  the  character  of  the  etching,  com- 
mon to  all  the  crystals,  is  that  the  beryl  substance  is  eaten 
away  so  as  to  leave  steep  pyramidal  forms.  In  all  cases  there 
is  left,  not  one  single  steep  pyramid,  but  a  number  of  them 
grouped  together  in  parallel  position.  The  action  of  the  sol- 
vent has  been  most  energetic  at  the  ends  of  the  crystals. 
Frequently  the  whole  top  of  a  crystal  will  be  eaten  away 
leaving  a  very  irregular  termination  composed  of  groups  of 
fine  needles  sometimes  massed  together  in  a  deep  depression 
at  the  end  of  a  crystal ;  or  some  of  the  basal  plane  will  still  be 
intact,  reflecting  the  light  perfectly,  while  deep  pits  will  be 
eaten  into  it,  the  walls  of  which  represent  the  sides  of  the  steep 
pyramids.  Again  the  solvent  action  seems  to  have  started 
somewhere  along  the  sides  of  the  prism  when  a  cavity  will  be 
eaten  into  the  crystal,  sometimes  nearly  or  quite  through  it, 
into  which  the  little  pyramidal  points  project.  Again  the 
crystals  have  been  almost  completely  removed  from  the  matrix 
leaving  a  hexagonal  cavity  containing  a  little  cluster  of  fine 
beryl  needles.  If  the  action  has  been  less  prolonged  or  energetic 
the  etching  appears  as  simple  elongated  depressions  eaten  into 
the  prismatic  faces. 

The  steep  beryl  pyramids,  which  are  seldom  4"™  in  length, 
usually  have  faces  and  edges  which  are  somewhat  rounded 
so  that  they  appear  like  needle  points,  and  it  was  some  time 
before  one  was  obtained  which  would  give  in  any  way  satis- 
factory reflections  on  the  goniometer.  At  last  one  was  obtained 
where  the  needles  were  unusually  large  and  distinct,  and 
yielded  faint  reflections  which  were  measured  on  a  horizontal 
Fuess  goniometer,  with  the  lowest  ocular,  combination  d  of 
Websky.*  The  most  prominent  reflections,  which  occurred 
twelve  times  in  a  complete  revolution  of  the  crystal,  were 
from  the  faces  of  a  diliexagonal  pyramid  and  yielded  the 
following  supplement  angles,  the  smaller  alternating  with  the 
larger:  12°,  47^°,  12J°,  47^  12i^  46°,  13°,  46^°,  13°,  46i°, 
12^°,  46^°.  On  close  examination  it  was  found  that  the  ob- 
tuse angle  was  above  the  edge  of  the  unit  prism,  the  two  faces 
making  this  angle  appearing  like  one  face  of  a  pyramid  of  the 
second  order,  for  which  the  steep  pyramids  were  at  first  taken. 
Calculating  from  the  average  of  the  angles  given  above  12°  30' 
and  46°  40'  we  find  that  this  pyramid  has  the  symbol  12-f, 
86'24*60'5.     The  obtuse  and  acute  angles  obtained  by  calcu- 

*Zeit8ch.  Kryst,  iv,  p.  660. 
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latioD  from  the  above  symbol  are  12°  52'  and  46°  15'  using 
Kokscliarow'a  leiif!;tb  of  the  vertical  axis  c=0-49886.  Amncfe 
one  of  these  pyramids,  lettered  X,  in  combiuatioD  with  toe 
hexaf^onal  prism  m,  I,  lOlO,  is  shown  in  fig.  1.  The 
'■  obtuse  angle  of  tliis  pyramid  is  usnally  truncated  bj 
a  pyriimid  of  the  second  order  12-2,  6'6'I3'1,  the 
crystal  which  was  measured  giving  five  faint  re- 
fiections  instead  of  the  possible  six,  but  the  facet 
which  are  very  snaali  are  not  represented  in  the 
figure.  HcfiectioDs  were  also  obtained  from  otha 
8teep  pyramidal  forme  bnt  they  were  always  flint 
and  could  not  be  referred  to  definite  forms.  In 
addition  to  the  above  steep  pyramidal  forms  some  of 
the  etched  crystals  show  very  distinct  facets  of  i 
pyramid  of  the  first  order  making,  in  two  cases  whidi 
were  measured,  angles  of  40°  31'  and  40°  58'  with  the 
prism  and  corresponding  to  the  pyramid  2,  202l  the 
calculated  angle  being  40°  57i'.  These  do  not  ap- 
pear as  a  single  pyramid  but  as  a  group  of  pynmioi 
and  they  occur  along  with  the  steep  dihexagonal  forms  on  the 
same  crystal.  After  seeing  these  beautiful  and  undoabtedl; 
etclied  crystals  from  Mt.  Antero  there  is  little  doubt  that  tlie 
curiously  developed  beryl  from  Williraantic,  Ct,  previonslj 
described  in  this  Journal,*  has  resulted,  as  was  suggested,  bj 
the  action  of  some  solvent  on  a  large  beryl  crystal.  If  so,  tb« 
forms  thus  far  observed  which  have  been  produced  by  etching 
in  nature  are  as  follows : 


.2  2     0     2  1  4-i  3141 

1  lOlI 

It  is  not  possible  at  present  to  state  what  solvent  has  attacked 
and  etched  the  beryl  crystals.  The  occurrence  of  octahedn' 
fiuorspar  with  the  beryl  has  suggested  that  perhaps  some 
tluoriuc  compound  has  served  as  a  solvent,  but  as  oeryl  is 
attacked  with  great  difficulty  by  hydrofluoric  acid  this  would 
probably  have  expended  itself  on  some  more  readily  solnble 
silicate. 

2,  Serirandite. 
A  description  of  the  occurrence  and  hemimorphic  crystilli 
zation  of  this  rare  silicate,  2Be,SiO„  11,0,  has  already  been 
given.f  From  the  examination  of  a  large  number  of  speci- 
mens it  seems  very  probable  that  the  beryllium  of  the  ber 
tranditc  was  obtained  from  the  decomposition  and  partial 
solution  of  the  beryl  crystals.  The  growth  of  the  bertrandile 
before  or  along  with  that  of  the  phenacite  crystals  ib  also  i 
*l\\,  xxiTi,  p.  318.   fTbia  Joumal,  zixri,  1888,  p.  tS,  and  zzini,  18S9,  p.  llf 
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matter  of  interest.  Mr,  Geo.  L.  English  of  Philadelphia 
loaned  me  from  bis  private  collection  a  beautiful  phenacite 
oi^atal,  fig.  2,  which  had  partially  grown  over  and  inclosed  a 
bwtrandite  and  beryl  crystal,  showing  that  in  this  case  at  least 
phenacite  is  a  younger  mineral  than  bertrandite. 

The  author  would  also  acknowledge  two  corrections  which 
should  be  made  in  the  first  of  the  above  mentioned  bertrandite 
papers.  One,  pointed  out  correctly  by  Carl  Vrba,*  is  that 
the  observed  twinning  plane  is  the  unit  brachydome  14,  Oil 
instead  of  the  steeper  3-i,  031.  This  mistake  must  be  attributed 
to  carelessness  on  the  author's  part  as  seen  by  reference  to  his 
Dote  book.  The  other  is  a  mistake  in  the  calculation  of  the 
vertical  axis  caused  by  an  error  in  copying  one  of  the  measured 
angles.  The  length  of  the  vertical  axis  should  be  0*6993  in- 
stead of  0'5953  as  pointed  out  by  C.  Hintze-f 

8.  Phenacite. 

Id  the  present  article  the  author  desires  to  call  attention  to 

die  very  beautiful  crystal  belonging  to  Mr.  English,  which  was 

jost  mentioned,  in  which  a  rather  unusual  habit  is  derived,  fig. 

9,  from  the  almost  equal  development  of  the  faces  at  the  ends 


of  the  crystal,  the  forms  being  the  same  as  those  already 
identified  and  figured,*  m,  lOlO,  I;  a,  1120,  i-3;  r,  10ll,  +  l; 
(»,I3S2, -rj-|;  »,2lSl, +r3-}andrf,0li2,-i  Anumberof 
twin  crystals  have  also  been  observed  in  which  the  base  can  be 
taken  as  the  twinning  plane  and  the  two  crystals,  with  parallel 
axes,  show  reentrant  angles  only  between  the  rhombohedrons 
at  the  ends,  fig.  3.  Some  of  these  are  of  almost  ideal 
symmetry. 
Uineralogical  Laboratory  of  (he  ShefBald  ScientiSc 
School,  New  Haven,  March,  1890. 
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SCIENTIFIC    INTBLLIOENCE. 

L    Chemistby  and  Phtsigs. 

1.  On  the  Action  oflAghi  on  Chlorine  waier. — ^It  is  freqnendf 
assumed  that  when  an  aqaeoas  solution  of  chlorine  is  exposed  ts 
light,  the  whole  of  the  chlorine  unites  with  the  hydrogen  of  Ihe 
water  setting  free  an  equivalent  quantity  of  oxygen. '  Pxdlb 
has  inyestigated  this  reaction^  using  the  sunlight  of  Caleotts  to 
effect  it.  He  finds  that  chlorine  and  water  have  oomparstivdy 
little  action  on  each  other,  even  in  tropical  sunllffht,  whea  ti» 
number  of  water  molecules  is  not  more  than  one  bandrcd  tioMi 
the  number  of  chlorine  molecules.  When  the  number  of 
molecules  is  160  times  that  of  the  chlorine  molecnlea,  the 
may  reach  50  per  cent  of  that  actually  possible.  And  even  whes 
it  reaches  400  times,  the  reaction,  while  more  rapid,  reaches  onlj 
four-fifths  ot  the  possible  amoanU  In  ordinary  chlorine  water, 
saturated  at  30^,  there  is  about  0'ft6d6  grams  of  chlorine  in  100 
c.  c  of  water;  or  aboat  708  molecules  of  water  to  eabh  moleeal* 
of  chlorine.  So  that  with  such  a  solution,  the  deoomposition  ma? 
be  expected  to  be  both  more  rapid  and  more  completa  Bxpov 
ments  with  this  solution  show  that  in  full  sunlight  the  niria 
reaction  which  takes  place  is  that  represented  by  the  equalion 
(H.O).  +  (Cl  ).=fHCl)  +0.;  while  in  feeble  diffused  liriit,  the 
reaction  at  first  is  probably  HX>+CI,=HC1+HC10;  this  hypo- 
chlorous  acid  being  m  its  turn  decomposed  by  light  and  yieldiDg 
chloric  acid.  So  that  the  final  reaction  is  (C1J^  +  (H,0),=; 
(HCl).  +  HCIO,  +  O.  Hence  the  action  of  chlorine  on  water  is,  in 
its  first  stages  at  least,  quite  similar  to  that  of  chlorine  on  cold 
dilute  solutions  of  potassium  or  sodium  hvdrate.  In  its  second 
stage,  the  action  of  chlorine  on  water  is  similar  to  its  action  oi 
hot  concentrated  solutions  of  these  hydrates. — J,  Chem,  Soc^ 
Ivii,  613,  July,  1890.  o.  p.  G. 

2.  On  the  Action  of  Light  on  Phosphorus. — ^Psdleb  has  ex- 
tended to  phosphorus  his  investigations  upon  the  action  of  light 
upon  chemical  substances.  A  glass  tube  was  filled  with  a  neaii? 
saturated  solution  of  phosphorus  in  carbon  disulphide,  sealed  ancl 
exposed  to  full  sunlight.  In  a  few  minutes  a  yellowish  red  coat- 
ing began  to  form  on  the  sides  of  the  tube,  and  continued  nntO 
the  interior  was  covere<l.  After  about  three  weeks'  daily  ex- 
posure to  sunlight,  the  tube  was  opened  and  the  precipitate 
examined.  After  washing  with  carbon  disulphide,  a  bright  red 
powder  was  obtained,  which  under  the  microscope  appeared,  to  be 
a  mixture  in  about  equal  }>arts,  of  bright  sulphur-yellow  particles 
and  bright  i*ed  partieles.  The  powder  remained  unchanged  in 
the  air,  and  was  unacted  on  by  water,  alcohol,  ether,  benzene  sod 
earbon  tetrachloride.  A  warm  dilute  solution  of  sodium  hydrate, 
however,  dissolved  it  readily  with  evolution  of  gaseous  hydrogen 
phosphide.  On  cautious  heatine,  the  yellow  portion  sublioKd, 
leaving  the  red  portion.     The  sublimate  was  partially  soluble  ia 
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^carbon  disulphide,  and  the  solation  contaiDed  ordinary  phos- 
phorus. Moreover,  the  yellow  undissolved  portion  burned  in  the 
air  like  ordinary  phosphorus.  Similar  experiments  were  made 
•with  other  solvents  or  in  vacuo,  with  similar  results.  When 
-diffused  daylight  only  was  employed,  the  tirst  precipitate  was 
-Bulphur-yellow,  passing  to  orange  and  after  some  months  to  a 
bright  red.  It  was  readily  dissolved  by  dilute  sodium  hydrate 
4K>liition,  on  boiling.  As  the  particles  of  allotropic  phosphorus 
grow  larger,  they  appear  to  deepen  in  color.  Formed  at  high 
temperatures,  the  precipitate  is  darker  in  color.  Comparing  this 
product  with  commercial  red  phosphorus,  and  with  the  so-called 
metallio  or  rhombohedral  phosphorus,  the  author  concludes  that 
the  term  ^'  amorphous"  is  misleading  since  the  great  bulk  of  the 
powder  thus  designated  consists  of  transparent  ruby-red,  more  or 
Jess  crystalline  particles  which  polarize  light.  By  elutriation,  it 
-can  be  separated  into  a  very  fine  red  powder,  and  into  almost 
black  shining  particles  which  under  the  microscope  are  crystalline 
and  transparent,  transmitting  a  ruby-red  light.  Both  are  acted 
vOD  by  sodium  hydrate  solution,  the  action  being  greater  as  the 
particles  are  finer.  Moreover,  on  heating  the  red  phosphorus  to 
-306**-310°  for  two  hours  or  even  to  826°  or  357°  no  sign  of  any 
-change  could  be  detected  in  it.  But  at  445°,  the  temperature  of 
boiling  sulphur,  a  certain  amount  of  vapor  was  produced  which 
"was  oxidized  on  contact  with  the  air.  In  vacuo,  about  one-fifth 
-of  the  red  phosphorus  sublimed  as  ordinary  phosphorus  into  the 
upper  and  cooler  portions  of  the  tube,  when  heated  at  446°.  The 
author  believes  therefore  that  no  change  takes  place  in  red  phos- 
phorus below  358°^  and  that  even  up  to  446°  it  is  exceedingly 
«low.  Experiments  upon  the  permanency  of  this  variety  of 
phosphorus  in  the  open  air  showed  that  so  far  from  being  the 
•inert  and  stable  substance  it  is  usually  supposed  to  be,  it  is  prone 
to  change,  being  easily  oxidized  even  in  the  air,  and  readily 
<leoxidizing  phosphoric  acid.  The  so-called  metallic  phosphorus, 
prepared  either  by  dissolving  ordinary  phosphorus  in  lead  at  high 
-temperatures,  or  better  by  projecting  red  phosphorus  on  the 
surface  of  melted  lead,  and  then  removing  the  lead  with  nitric 
4U2id,  was  obtained  as  a  crystalline  powder  consisting  of  rhombo- 
hedrons,  some  darker  and  some  lighter  in  color  than  the  ordinary 
red  phosphorus.  This  variety  of  phosphorus  polarizes  light  in 
the  same  manner,  is  acted  upon  similarly  with  sodium  hydrate 
-and  behaves  in  a  similar  manner  when  heated.  Hence  the  author 
concludes  that  the  metallic  and  the  red  are  the  same  allotropic 
form  of  phosphorus,  and  recommends  that  the  term  "  amorphous  " 
be  discarded. — J,  Chem,  Soc.^  Ivii,  599,  July,  1890.         g.  f.  b. 

3.  On  the  Action  of  Fluorine  on  Carbon, — Moissax  has  ob- 
•served  that  fluorine  and  carbon  combine  with  great  energy  even 
at  ordinary  temperatures.  Lampblack,  purified  and  dry,  becomes 
incandescent  at  once  in  fluorine  and  wood-charcoal  takes  fire  in  it 
:8pontaneously.  Denser  forms  become  incandescent  in  fluorine 
•only  on  heating  to  50°  or  100°.  Graphite  from  cast  iron  unites 
with  fluorine  below  redness  and  Ceylon  graphite  and  gas  carbon 
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at  a  red  heat.  If  the  carbon  be  in  excess,  and  the  temperature  be 
not  allowed  to  rise  too  high,  the  product  is  carbon  tetraflaoride 
CF^,  a  colorless  gas  liquefying  at  10°  under  a  pressure  of  fi?e 
atmospheres.  In  contact  with  an  alcoholic  solution  of  potasnom 
hydrate,  it  yields  potassium  fluoride  and  carbonate.  It  is  not 
decomposed  by  the  electric  spark  and  is  soluble  in  carbon  tetnk 
chloride,  alcohol  and  benzene.  At  a  red  heat,  the  action  of 
fluorine  on  carbon  yields  a  gaseous  carbon  fluoride  which  is  not 
absorbed  by  alcoholic  potash  and  is  almost  insoluble  in  water 
although  it  is  dissolved  by  alcohol.  — (7.  /?.,  ex,  276;  J.  Chem. 
JSoc.y  Iviii,  557,  Juno,  1890.  G.  F.  B. 

4.  On  Selenic  acid. — Cameron  and  Macallax  have  prepared 
pure  selenic  acid  H,SeO^  and  have  compared  its  properties  with 
those  of  sulphuric  acid.  The  anhydrous  acid  was  obtained  bj 
evaporating  the  dilute  acid  on  the  water  bath  and  then  agitating 
it  in  a  vacuum  at  180°  as  long  as  acid  distilled  over.  On  cooling 
the  residual  acid,  it  crystallized  in  hexagonal  prisms;  and  on 
analysis  it  was  found  to  contain  99*7 1  percent  of  H,SeO^.  In  ibe 
solid  form  selenic  acid  has  a  density  of  2 '9508.  It  fuses  at  58^ 
giving  a  colorless  oily  liquid  of  density  2*6083.  The  presence  of 
a  small  quantity  of  water  greatly  lowers  its  freezing  point,  so  that 
it  does  not  solidify  until  cooled  to  — 51*5*.  It  attracts  moisture 
strongly,  blackens  organic  matter  and  evolves  acraldehyde  by  its 
action  on  glycerin.  A  solid  hydrate  H^SeO^,  fusing  at  25°,  b 
obtained  by  boiling  the  dilute  acid  until  the  temperature  rises  to 
205°  and  then  dropping  a  crystal  of  the  acid  into  the  cooled 
liquid.  When  heated  in  a  vacuum  to  '200°,  selenic  acid  decom- 
poses into  selenous  oxide,  oxygen  and  water.  The  acid  dissolves 
sulphur  at  63°  with  a  deep  indigo-blue  color.  Selenium  when 
thus  dissolved  gives  a  green  solution  and  tellurium  a  purple-red 
one,  both  solutions  evolving  selenous  oxide  after  a  time  and 
becoming  colorless.  Selenic  oxide  could  not  be  prepared  by 
passing  selenous  oxide  and  oxygen  over  heated  platinum  sponge, 
nor  by  the  action  of  ozone  on  selenous  oxide.  But  when  pure  , 
selenic  acid  was  mixe<l  with  phosphoric  oxide  and  heated  to  100*', 
crystals  were  obtained  on  cooling  which  on  analysis  gave  results 
agreeing  with  the  formula  SeO,. — Proc.  Roy,  /iS'oc.,  xlvi,  13;  /. 
Ohein.  JSoc,  Iviii,  0W8,  July,  1890.  G.  F.  a 

5.  (Jn  the  use  of  the  PI  at  i  mini  Thermomeier,  E.  H.  Grif- 
FiTiis  describes  the  form  of  instrument  used  as  follows:  A  coil 
of  fine  platinum  wire  was  wound  on  a  roll  of  asbestos  paper  and 
slipped  into  a  thin  hard-glass  tube.  Thick  platinum  wires  ran 
from  this  coil  to  tlie  top  of  the  instrument,  and  the  unimmersed 
portion  of  the  stem  was  surrounded  by  the  outer  tube  of  a  coo- 
denser,  and  kept  at  a  constant  temperature  by  a  flow  of  tap-water. 
The  resistance  of  this  stem  was  so  small  that  the  change  in  resist- 
ance caused  by  the  changes  in  the  temperature  of  the  tap-water 
might  lie  neglected.  The  diameter  of  these  thermometers  was 
less  than  j-^  of  an  inch,  and  their  length  about  eighteen  inches 
They  were  extremely  sensitive,  and  could  therefore  be  used  to 
trace  the  rise  in  temperature  due  to  suffusion,  the  freezing  points- 
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of  the  metals  experimented  apon  being  determined  by  the  limit 
of  this  rise.  These  thermometers  were  graduated  by  the  tem- 
perature of  the  boiling  points  of  water,  naphthalene,  benzophe- 
none,  and  sulphur,  and  the  freezing  point  of  water.  The  chief 
difficulties  which  presented  themselves  were :  Variations  in  the 
resistance  of  the  connections  between  the  thermometer  coil  and 
the  resistance  coils ;  variations  in  the  temperature  of  the  resist* 
ance  coils  themselves  ;  the  rise  in  temperature  of  the  thermometer 
ooil  due  to  the  current  used  when  measuring  its  resistance ;  the 
presence  of  currents  due  to  thermal  effects  ;  superheating  during 
diFtillation,  and  radiation  from  the  source  of  heat  to  the  ther- 
mometer; the  changes  in  boiling  points  due  to  changes  in  the 
barometer ;  oxidation  of  the  metals  when  fluid. 

The  mean  values  obtained  are  as  follows  :  boiling  point  of 
aniline  184°-27,  of  methyl  salicylate  223°12,  of  mercury  367°-60. 

The  results  given  bear  out  the  following  conclusions  :  I.  'That 
although  the  curves  of  platinum  temperature  obtained  from 
different  thermometers  vary  considerably,  intermediate  tempera- 
tures deduced  from  these  curves  are  in  practical  agreement.  II. 
That  thermometei*s  made  and  graduated  as  described  may  be 
used  for  the  accurate  determination  of  temperatures  up  to  about 
600°  C—JProc,  Roy.  Sac,  No.  294,  p.  220. 

6.  True  weight  of  a  cubic  inch  of  distilled  water,  H.  J. 
Chaney  has  obtained  the  following  value  for  the  weight  of  a 
cubic  inch  of  water,  252*286  ifc  0002  grains,  of  which  grains  the 
imperial  pound  contains  7000  grains,  with  ^=62°,  and  the  barom- 
eter at  30  inches. — Proc,  Roy.  »Soc.,  No.  294,  p.  230. 

7.  Heat  as  a  Form  of  Energy.,  by  R.  H.  Thurston.  261  pp. 
l2mo.  Boston  and  New  York,  1890  (Houghton,  Mifflin  &  Co. 
The  Riverside  Science  Series,  vol.  iii). — This  is  a  very  readable 
presentation  of  the  subject  of  Heat,  particularly  in  its  application 
as  a  motor.  It  opens  by  developing  the  growth  of  the  modern 
idea  of  heat  as  a  kind  of  energy,  and  goes  on  to  explain  the 
science  of  thermo-dynamics.  After  tins  conies  the  subject  of  the 
transformation  of  heat  into  mechanical  work  with  an  account  of 
gas  and  coal  engines,  their  growth  and  present  limitations,  and 
the  possible  directions  of  progress  in  the  future. 

8.  Sound.,  Light  and  Heat.  A  class  book  for  the  elementary 
stage  of  the  Science  and  Art  Department*,  223  pp. ;  by  J. 
Spbncer.  Magnetism  and  Electricity.  163  pp.  By  J.  Spencer. 
London,  1890.     (Percival  &  Co.) — These  little  volumes  are  exam- 

{les  of  the  many  elementary  science  text-books  called  out  by  the 
Inglish  system  of  examinations,* but  which  are  fitted  to  be  useful 
in  a  larger  field.  They  include  the  fundamental  principles  in  the 
leyeral  branches  of  physics  named,  with  numerous  simple  diagrams 
and  an  abundance  of  exercises,  for  calculation  and  experiment. 

U.     Geology  and  Mineralogy. 

1.  Geological  and  Palmontological  relations  of  the  Coal  and 
Plant-bearing  beds  of  Paknozoic  and  Mesozoic  age  in  Eastern 
Australia  and  Tasmania;  with  special  reference  to  the  Fossil 
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Florc^  by  Ottokab  FxitncAKTiEL,  Mem.  Qeol.  Sarv.  N.  S.  W., 
JPakBOfUologyy  No,  3.    Sydney,  1800,  188  pp.,  zzx  pL,  4^ — ^The 
basis  of  this  yalnable  memoir,  by  one  to  whom  we  are  espedtU? 
indebted  for  knowledge  of  the  fossil  floras  of  the  Paleozoic  snd 
Mesozoic  of  India  and  Australia,  is  a  translation  of  bis  contribu- 
tions pnblished.in  the  third  Sapplement-volnme  of  Palaeonto- 
fraphica,   1878-79.    The  entire  work,  including  the  complete 
istorioal  and  bibliographic  data,  has  undergone  thorough  revis- 
ion and  considerable  enlargement.    Numerous  annotations  are 
added  by  Mr.  C.  S.  Wilkinson,  Director  of  the  Gkologioal  Survey 
of  New  South  Wales,  and  Mr.  R.  Etheridgc  Jr.,  the  editor  of  tlw 
present  memoir.    The  paleontological  part  of  the  work  oomitU 
chiefly  of  systematic  descriptions  of  all  the  fcMsil  flshes,  amphibit, 
and  plants  that  have  been  described  from  the  above  epochs  in 
Australia,  with  a  table  of  their  distribution.    Two  new  spedes, 
Glossapterie  gangamopteroidea  from  the  Newcastle  beds,  and  Q. 
mathulcU<hcordata  from  the  same  beds  and  the  Mersey  coal  beds 
(Permian  ? )  of  Tasmania,  are  described.    Much  interest  and  some 
controversy  between  animal  and  vegetable  paleontologists  have 
been  aroused  in  the  determination  of  the  ace  of  the  Anstralita 
deposits,  on  account  of  the  mingling  of  a  Mesozoic  flora  with  a 
Paleozoic  fauna  for  a  period  extending  from  the  Lower  Carbon- 
iferous probably  to  the  Jurassic    Dr.  Feistmantel,  agreeing  sab- 
stantially  with  the  resident  geologists,  assigns  the  Goono  Goono 
and  lower  Lepidadendron  beds  of  Queensland  and  Victoria  to 
the  Devonian;    the  Smith's  Creek,   Port  Stephens  and  Bohon- 
tungen  beds  with  Calamites  radiatus^  Hhacopteris  incequUaUra^ 
Arc/ueopteris,  and  Lepidodendron  Veltheimiauufn,  to  the  Lower 
[Sub-?]  Carboniferous;  the  "lower  coal  measures"  with  /%y^ 
lotheca^    GloasopteriSy  Noeggerathiopsis,  etc.,  the  forerunners  of 
the  Mesozoic  flora,  occurring  between  marine  beds  with  a  middle 
and  upper  Carboniferous  fauna,  to  the  Upper  part  of  the  Carbon- 
iferous ;  the  "  upper  coal  measures,"  an  overlying  series  of  coal 
beds  and  other  fresh-water  deposits,  with  PhyUotheca^  Vertebraria^ 
Glossopteris^  Gangamopteris  and  Uroathenes,  a  heterocercal  fish, 
at  Newcastle,  are  relegated  to  the  Permian;  while  the  Hawkes- 
bury-Wianamatta  Series,  with  heterocercal  fish,  which  if  alone 
would  be  considered  Permian,  is  placed  in  the  Trias,  the  Clarence 
River  series  being*  called  Jurassic.     Exception  is  taken  by  Mr. 
Wilkinson    to   the    definite    correlation   of  the    Baccus    Htrsh 
"  Ho  wider-bed  "  of  Victoria  with  those  in  the  marine   series  of 
New  South  Wales  almost  entirely  on  account  of  the  supposed 
glacial  origin  of  the  bowlder-beds.     The  correlation  of  the  Austrs- 
Han  with  the  Chinese,  Indian,  Afghan,  and  South  African  plant 
bearing  terranes  corresponds  for  the  most  part  with  that  published 
in  the   Prag   Silzuno^sberichte  since  this  memoir  was  pre|>ared, 
(18^^H).     The   descriptive   text  is  illustrated  by  thirty  plates  of 
plants  and  fishes.     The   former  are  carefully   re-drawn    and  re- 
arranged from  the  German  work  with  the  addition  of  new  mate- 
rial.    The  latter  include  drawings  of  the  three  S|)ecies  of  Palach 
niscusy  CleithrolepiSy  and  Myriolepis  from  the  Hawkesbury-Wito- 
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itta  and  a  reprod action  of  Dana's  UroatJienea  from  the 
wcastle  beds.  d.  w. 

.  Jurassic  JF^sh-Faima  in  the  Hawkeshury  beds  of  New  South 
lies.  An  abstract  of*  a  memoir  by  A.  Smith  Woodward 
inals  and  Magazine  of  Natural  History,  Nov.  1890),  mentions 
discovery  of  a  large  collection  of  fossil  fishes  in  the  Hawkes- 
y  series  of  Talbralgar,  New  South  Wales,  which  prove  to 
resent  a  typical  Jarassic  fish-fauna.  The  genera  identified 
lade  Coccolepis  and  Leptolepis^  also  new  forms  allied  to  tSemio- 
M5,  to  the  DapecHoids  and  to  Leptolepis^  respectively.  Another 
ler  describes  an  early  Mesozoic  fish-fauna  discovered  some 
.rs  ago  in  the  Hawkesbury  beds  at  Gosford,  N.  S.  W. 
:.  On  the  state  of  Alpine  glaciers  in  1 889,  by  F.  A.  Fobel. 
n  1889  the  commencement  of  a  forward  movement  was 
ved  in  the  case  of  two  glaciers  of  the  first  rank,  the  Rhone 
cier  and  the  Glacier  des  Bois  at  Charaounix,  as  well  as  of  two 
three  small  glaciers  of  the  Ortler  group.  The  number  of 
ciers,  now  on  the  increase,  has  become  6&  for  the  whole  Alps, 
tributed  as  follows :  all  the  glaciers  of  Mont  Blanc ;  a  large 
•portion  of  glaciers  in  the  Bernese  and  Valais  Alps ;  some 
ated  glaciers  in  the  Pelvoux  region  (Dauphin^)  and  in  the 
Aer  (Tyrol).  With  the  exception  of  the  Ortler  group,  all  the 
ciers  of  the  Austrian  and  Grison  Alps  are  still  receding  or  are 
tionary. —  Bibl,  Univ.,  Ill,  xxiv,  87,  1890. 
.  Cordierite  as  a  contact  mineral, — Y.  Kikuchi  has  studied 
tain  cordierite  rocks  of  Japan,  from  the  bordering  region  of 
provinces  Kodsuke  and  Shimotsuke,  along  the  Watarase- 
jra.  The  cordierite  occurs  here  in  slate  as  a  product  of  con- 
t-metaraorphisra  with  granite.  It  shows  various  peculiarities 
form  and  structure,  and  is  especially  characterized  by  the 
sence  of  symmetrically  arranged  inclusions  of  black  carbona- 
us  matter.  It  is  thus  strikingly  like  the  variety  of  andalusite 
ed  chiastolite,  and  the  author  proposes  to  call  it  cerasite,  from 
)aoo?  cherry.  This  word  alludes  to  the  Japanese  name 
:ura-ishi,  or  cherry-stone,  locally  given  to  the  cordierite  slate, 
ause  the  structure  of  the  stellar  aggregates  of  the  cordierite 
jmbles  a  cherry-blossom,  and  also  from  the  same  resemblance 
i  similar  rock  where  the  forms  are  now  only  pseudomorphs. 
^ourn.  Coll.  Sac.  Tokyo,  iii,  313,  1890. 

.  JSanguinite,  a  neio  mifieral. — Dr.  Miers  has  given  the  name 
iguinite  to  a  mineral  found  upon  specimens  of  argentite  from 
inarcillo,  Chili.  It  occurs  in  minute  hexagonal  scales,  optically 
axial.  The  color  is  dark  red  and  the  streak  dark  purplish 
wn.  Qualitative  trials  make  it  probable  that  the  mineral  is  a 
jharsenite  of  silver,  allied  to  proustite,  with  which  it  is  asso- 
,ed,  but  with  which  it  cannot  be  united. — Min.  Mag.,  ix,  182. 

III.   Miscellaneous  Scientific  Intelligence. 

.  Deep-sea  Dredging  in  the  Pacific. — Professor  Alexander 
Assiz  informs  the  editors  that  he  is  to  join  the  **  Albatross" 
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and  superintend  the  dredging  of  the  lines  which  had  been  Itid 
out  for  the  Albatross  at  the  time  she  was  on  her  way  from  New 
York  to  San  Francisco.  The  work  will  begin  at  Acapulco  about 
the  first  of  February,  a  line  of  soundings,  temperatures  and 
dredgings  being  run  to  the  Galapagos  and  one  from  the  islandi 
to  Panama.  At  Acapulco,  the  Galapagos  and  Panama  a  number 
of  short  lines  will  be  run  from  the  100-fathom  line  into  deep 
water.  It  is  hoped  also  to  devote  some  time  to  the  unsettled 
question  of  the  vertical  distribution  of  pelagic  life,  not  only  near 
the  anti-neutral  slopes  but  also  in  the  deep  water  halt  way 
between  the  Galapagos  and  the  continent.  Under  so  favorable 
conditions,  with  a  vessel  so  well  equipped  as  the  '^Albatross" 
and  with  the  benefit  of  the  experience  of  earlier  deep-sea  ex- 
plorers, important  results  may  be  anticipated  from  this  work. 

2.  National  Academy  of  Sciences, — The  following  is  a  list 
of  papers  accepted  for  reading  at  the  meeting  of  the  Academy 
held  in  Boston,  Nov.  ll-i;i : 

R.  K.  CuiTTENnKN :  PriYnarj  cleavage  products  formed  in  the  digestion  of  the 
albuminoid,  gelatin. 

Kdwaki)  C.  Pickering  :  ClaBsitication  and  distribution  of  stellar  spectra. 

R.  Catlin  :  Relation  of  atmospheric  electricity,  magnetic  storms  and  weather 
elements,  to  a  case  of  traumatic  neuralgia. 

Henry  P.  Bowditch  :  Growth  of  children  studied  by  Galton's  method  of 
percentile  grades. 

John  TROwimiDGE :  Electrical  oscillations  in  air,  iof^eiher  with  spectroscopic 
study  of  the  motions  of  molecules  in  electrical  discharges. 

Charlks  R.  Cross:  Some  consideratious  regarding  Helmholtz's  theory  of 
dissonance. 

W.  A.  Rogers:  A  critical  .«»tiidy  of  a  conjbined  meter  and  yard  upon  a  sur- 
face oi  poUl.  tlie  meter  liaving  subdivisions  to  two  millimeters,  and  the  yard » 
tenths  of  inches;  Kvaporalion  as  a  disturbing  elemeut  in  the  determination  of 
temperatures. 

.J.  Walter  Fewkes:  Tse  of  the  phonograph  in  the  study  of  the  languages  of 
the  American  Indians 

Francis  A.  Walker:  Probable  loss  in  the  enumeration  of  the  coloreti  people 
of  the  Tnit^'d  States,  at  the  census  of  1870. 

11.  A.  Nkwton:  Capture  of  periodic  comets  by  Jupiter. 

Thomas  H.  Osborne:   Proteids  of  the  oat  kernel. 

S.  C.  CiiAMH.ER:   Present  aspect  of  ihe  problems  concerning  Lexell's  comet. 

.1.  S.  Xkwbekky  :  Great  Falls  coal  field,  Montana,  its  geological  age  and 
nMations. 

WoLroTT  (J inns:  Separation  of  ihe  oxides  in  cerite,  samarskite  and  gadoliuiw. 

TtiEo.  Gii.L:   Relationships  of  the  Cyclopteroidea. 

Amos  K.  Dolhkar  :  Origin  of  electro-magnetic  waves. 

:i.  Jif'sulfs  of  (I  Bioh<jiral  Surveij  of  the  San  Francifco 
^Ivuhtaln  Retfion  and  JM^ert  of  the  Little  Colorado^  Arinmay 
pp.  180.  Washiiiirioii,  1800.  (North  American  Fauna  No.  3).— 
U.  8.  Depart  men  I  of  Agriculture,  Division  of  Ornithology  and 
Mammalogy.  —  This  volume  contains  papers  by  Dr.  C.  Hart 
Merriam  on  the  geographical  and  vertical  distribution  of  species 
with  annotated  lists  of  mammals  and  also  a  similar  list  of  bird!»; 
further  a  pa[)er  of  Dr.  Leonhard  Stejneger  giving  an  annotated 
list  of  reptiles  and  batrachians.  The  memoirs  are  accompanied 
bv  a  series  of  plates,  and  an  interesting  colored  biological  map  of 
>forth  America  (Jan.  1890)  showing  the  principal  life  areas. 
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4.  Bulletin  of  the  Scientific  Laboratories  of  Denison  Univer- 
sity. Edited  by  W.  G.  Tight,  M.  S.  Vol.  V.  pp.  94.  Gran- 
ville, O.,  June,  1890. — This  volame  includes  besiaes  a  series  of 
Laboratory  notes,  papers  by  W.  F.  Cooper  on  the  Waverly 
Group,  with  a  tabulated  list  of  fossils  known  to  occur  in  the 
Waverly  of  Ohio,  and  by  C.  L.  Herrick  and  W.  G.  Tight  on  the 
central  nervous  system  of  rodents ;  the  last  paper  is  illustrated 
by  19  plates. 

5.  Royal  Society  of  Canada,  Memoirs  for  the  year  1889, 
Tome  YII. — Contains  in  its  geological  and  natural  history  sec- 
tion, papers  by  L.  W.  Bailey,  on  New  Brunswick  geology,  with 
his  Presidential  Address ;  by  Sir  J.  Wm.  Dawson,  on  the  sponges 
of  Little  Metis  and  on  some  Mackenzie  River  fossil  plants ;  J.  F. 
Whiteaves,  on  Lower  Silurian  fossils  of  Manitoba;  A.  H.  MacKay, 
on  freshwater  sponges  of  Canada  and  Newfoundland ;  A.  P. 
Coleman,  geography  and  geology  of  the  big  bend  of  the  Columbia ; 
E.  J.  Chapman,  on  a  new  classification  of  trilobites,  as  influenced 
by  stratigraphical  relations ;  G.  F.  Matthew,  Cambrian  organ- 
isms in  Acadia ;  J.  W.  Spencer,  the  Iroquois  Beach ;  G.  C. 
Hoffmann,  hygroscopicity  of  Canadian  fossil  fuels. 

6.  Oatwald^s  Klassiker  der  Exakten  Wissenschaften^  Leipzig, 
1890  (Wm.  Engelmann.). — Recent  issues  of  this  valuable  series 
include  the  following : 

No.  13.  Vier  Abhandlungen  tlber  die  Elektricitat  und  den 
Magnetismus  von  Coulomb.     (1786-1786). 

No.  14.  Die  vier  Gauss'schen  Beweise  ftlr  die  Zerlegung 
ganzer  Algebraischer  Functionen  in  reelle  Factoren  ersten  oder 
zweiten  Grades.     (1799-1849). 

Nos.  15,  16.  Chemieche  Untersuchungen  tiber  die  Vegetation 
von  Th^od.  de  Saussure  (1804). 

Dictionary  of  the  LaD^i^uage  of  the  Micmac  Indians,  pp.  286,  by  Rev.  S.  T. 
Rand,  Halifax,  N.  S.  This  volume,  published  by  the  Canadian  government,  is  an 
important  contribution  to  philology.  It  is  one  of  several  important  works  in  this 
field  by  the  late  Dr.  Rand  (1810-1889),  who  was  long  a  missionary  among  the 
Micmac  Indians,  an  aboriginal  tribe  of  the  Algonquin  family  inhabiting  the 
Maritime  Provinces  of  the  Dominion  of  Canada. 

Index  to  the  Literature  of  Thermodynamics,  pp.  2.38,  by  Alfred  Tuckerman, 
Smithsonian  Institution,  Washington,  1890.  (Smithsonian  Miscellaneous  Collec- 
tions, No.  741). 

Investigations  of  the  New  England  Meteorological  Society  for  the  year  1889. 
reprinted  from  the  Annals  of  the  Astronomical  Observatory  of  Harvard  College, 
Edward  C.  Pickering,  director.    Vol.  xxi,  Part  II,  pp.  107-273.    Cambridge,  1890. 

Proceedings  of  the  United  States  National  Museum,  pp  686.  Vol.  12,  1889. 
Washington,  1890. 

A  Revision  of  the  South  American  Nematognathi  or  Cat  fishes,  508  pp.,  by 
Carl  H   Rigenmann  and  Rosa  S.  Eigenmann.     Also — 

Land  Birds  of  the  Pacific  District,  274  pp.,  by  Lyman  Belding,  San  Francisco. 
1890. — These  valuable  memoirs  form  Paris  I  and  II  of  the  Occasional  Papers  of 
the  California  Academy  of  Sciences. 
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Academy,  National,  Boston  meeting,  498. 
Af^Bsiz.  A.,  Deep  sea  dredging.  497. 
Association,      Americau,      Indianapolis 

meeting,  175,  336. 
British  at  Leeds.  342. 
Astronomical  research,  aid   to,   Bruce, 

262. 

B 

Barbour,  E.  H.,  microscopic  structure  of 

Oolite,  246. 
Barus,   C,   Effect   of  pressure  on  elec- 
trical conductivity  of  liquids,  219. 
Beecher,  C.  E.,  development  of  shell  in 
the  genus  Tomoceras,  71  ;  Koninckina 
and  related  genera.  211  ;  LeptaMiisca, 
new  brachiopod  from  the  Lower  Hel- 
derberg.  2H8:   N^.  American  species  of 
Strophalosiu.  240 
Bigelow.  F.  11..  Solar  Corona,  343. 
Bonaparte,  P.  R..  Le  {Jlacier  de  Aletsch 

et  le  Lac  de  Marjelen,  O.'i. 
Botany — 

Ascent   of  colored   liquids   in    living 

plnnts.  W'ieler,  173. 
Catalogue    of     N^ew    Jersey    plants, 

Britton,  171. 
Development  of    organs,  preparation 
of  sections  lor  study  of,  (joethart, 
172. 
Die      natiirliohen      Pflanzenfarailien, 
Knj^ler   and    Prantl,    Nos.    39,    40, 
p.  U3. 
Gonerh   and   species  of  >f.    America, 

analytical  koy,  Harnes.  173. 
Liriodendron,  leaves  of,  Holm,  422. 
Lists  of  plants.  17  2. 
Structural    and     Systematic    Botauv, 
Canibell.  173. 
Brog^er,    W.   C,    Minerals  of  Norway, 
170. 


Brooks,  F.  T.,  method  for  detection  of 
Iodine,  Bromine  and  Chlorine,  283. 

Browning,  P.  E.,  reduction  of  Arsenic 
acid,  66;  Analysis  of  Rhodochroate, 
Franklin,  N.  J.,  375. 


California,  Mmeralogical  Report,  92. 
Cambell,  D.  H.,  Structural  and  Syste- 
matic Botany,  173. 
Canada,  minerals  of,  Hoflfmaun,  92. 

Royal  Society  Memoirs,  499. 
Chemistry — 

Arsenic  acid,  reduction  of,  Gooch  and 

Browning,  66. 
Beryllium,  chemical  character,  Krusi 

and  Moraht,  86. 
Bromine,    determination     of.    Gooch 

and  Ensign,  145. 
Cadmium,  atomic  weight,   Partridge. 

377. 
Carbon  monoxide,  action  on  metallic 

nickel.  418. 
Chlorides   of  compound    ammoniums 

Le  Bel,  250. 
Chlorine   waier,    action   of  light  on, 

Pedler,  492. 
Colloids,      estimation    of     molecular 

mass.  Sabaneeff.  87. 
Equilibrium  between  electrolytes  Ar- 

rhenius.  164. 
Fluorine,  action  on  carbon.  Moi?san, 

49S  ;  color  and  spectrum,  Moissan, 

87. 
Hydrazine,    preparation     from   alde- 
hyde-ammonia,   Curtius    and  Jay. 

88. 
Hydrogen  jveroxide  from  ether.  Duos- 
tan  and  Dymond,  417. 
L>dine.  bronnne  and  chlorine,  method 

for  detection  of,  Gooch  and  Brooks, 

283. 


♦  This  Index  contains  the  jrenonil  hejuls  Botany,  Chemistry,  Geouxjy.  Mi>*- 
RAI.S,  oiuTiiAKY,  Z<)()i.<)(iY,  uncl  uudor  each  the  titles  of  Articles  referring  thereto 
are  mentioned. 
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te  solutions,   circular  polariza- 

,  Long,  275. 

lum,  antimony  and  copper,  new 

aent  in,  Griinwald,  250. 

'-density  method,  Schall,  415. 

F.  W.,  constitution  of  natural 

es,  303,  405,  452. 

d  Geodetic  Survey,  U.  S.,  report, 

ves,  prediction,  Russell,  463. 

solar,  Blgelow,  343. 

fertility,    in  evolution,  Gulick, 

>graphy,     elements,     Williams, 


Electric  disturbances,  velocity  of  trans- 
mission,  Thomson,  330. 

oscillations  in  air,  Trowbridge  and 
Sabine,  166. 

Electrici^,  magneto-optical  generation 
of,  Sheldon.  196. 

Emerson,  B.  K..  ''Bemardston  series'^ 
of  metamorphic  upper  Devonian  rocks, 
263,  362. 

Engine  and  Boiler  Trials,  Hand  Book  of, 
Thurston,  262. 

Ensign,  J.  R.,  determination  of  bromine, 
145. 

Evolution,  cross-infertility  in,  Gulick, 
437 ;  utilitarianism  in  relation  to,  Gu- 
lick, 1. 

Expansion,  determination  of  the  coeffi- 
cient of  cubical,  Mayer,  323. 

Exposition  Universelle,  Paris,  96. 

Eyerman,  J.,  Determinative  Mineralogy, 
92. 


Feistmantel,  Coal  and  Plant  bearing  beds 

of  E.  Australia.  495. 
Fontaine.  W.M.,  the  Potomac  or  Younger 

Mesozoic  Flora,  1 68. 
Forel,  F.  A.,  Alpine  Glaciers,  497. 
Foshay,  P.  M.,   pregUcial  drainage  of 

Western  Pennsylvania,  397. 
Fossil,  see  Geoloot. 


.  S.,  Selenium   and    Tellurium 
Us  from  Honduras,  78. 

D.,  Rocky  Mountain  Protaxls 
'ost-Cretaceous  Mountain  mak- 
\l ;  Long  Island  Sound  in  the 
•nary  Era,  425. 

University   Scientific    Labora- 
Bulletin,  499. 

S.,  Sandstone  dikes  in  Califor- 
!4  ;  Cretaceous  rocks  ,of  north- 
lifornia,  746. 

V.  W.,  Lower  Silurian  Grapto- 
om  northern  Maine,  153. 
;.  deep  sea,  Agassiz,  497. 
W.  L.,   curious  occurrence    of 
te,  120. 

E 

Laboratory  work,  331. 
ike    countricH,   construction   of 
igs  in.  Mihie.  262. 
jonductivity  of  liquids,  effect  of 
re  on,  Barus,  219. 
Bnts,   alternating  and  continu- 
relation  to  the  human   body, 
Qce  and  Harris,  420. 
larges  in  magnetic  lields,  Witz, 


Gas  battery,  improved  form,  Mond  and 

Langer,  417. 
Genth,  F.  A..  Contributions  to  Mineral- 
ogy No.  48,  114;  No.  49,  199. 
Geological  Railway  guide  for  America, 
Macfarlane,  342. 

Society  of  America,  Bulletin,  91 ; 
Indianapolis  meeting,  332. 

of  London,  presidential  address, 
Blanford,  254. 
Geological  survey,  U.  S.,  8th  Ann.  report, 

1886-87,  90,  334. 
Geologists,  international  congress,  Amer- 
ican committee,  166. 
Geoix)gt— 

Appomattox  Formation,  McGee,  16. 
Araucarioxylon   of  Kraus,  Knowlton, 

257. 
Bandaisan,  eruption  of,  169. 
Bernardston  Series  of  Devonian  rocks, 

Emerson,  2G3.  362. 
Brotfruchtbaums,  iiber  die  Reste  eines, 

Nathorst,  257. 
Canadian     fuels,     hygroscopicity    of, 

Hoffmann,  92. 
Chert-beds,  organic  origm  of,  Hinde, 
256. 
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Clinton  group  fossils,  Foerste,  252. 

Cretaceous  of  Manitoba,  Tyrrell.  227. 
of  northern  California,  Diller,  476. 

Drainage  in  Central  Texas,  superim- 
position  of,  Tarr,  369. 

Flora  dei  tufi  del  MoDte  Somma,  Mes- 
chinelli,  258. 

Fossil  flora  of  Australia  and  Tasmania, 
Feistmantel,  495. 

Fossil  plants,   geographical   distribu- 
tion, Ward,  90. 

remains,  problematical,  from  Ohio, 
Lesquereux,  258. 

Glacial  sediments  of  Maine,  Stone,  122. 

Goniolina  in  the  Texas  Cretaceous, 
Hill,  64. 

Hawkesbury  beds,    Australia,   Feist- 
mantel, 496,  A.  S.  Woodward,  497. 

Hudson    River    channel,    submarine, 
Dana,  432. 

Icebergs,  making  of.  Loomis,  333. 

Iroquois  Beach  and  birth  of  Lake  On- 
tario, 443. 

Jurassic     Fish    Fauna,    New    South 
Wales,  Woodward,  497. 

Keokuk  beds,  Iowa,  Gordon,  295. 

Eoninckina      and     related     genera, 
Beecher,  211. 

Lassen  Peak  district,  Diller,  91. 

Lept«?nis*ca,  new  brachiopod  from  the 
Lower  Helderberg.  Beecher,  238. 

Mou  Louis  Island.  Laugdon,  237. 

Mountain     uiaking,    post-Cretaceous, 
Dana,  181. 

Oolite,  Iowa  and  Penn.,  246. 

Paleontologie     v^jjdtale,    Revue    des 
travatix,  De  Sai)orta,  422. 

Paleozoic  lishes  of  N.  Amer.,  New- 
berry, 255. 

Post-tertiary    deposits    of    Manitoba, 
Tyrrell,  88. 

Potomac  or  younger  Mesozoic  flora. 
Fontaine,  1*68. 

Proglacial  drainaj?e  of  Pennsylvania, 
Foshay,  397. 

Quaternary,    Long    Island    Sound   in, 
Dana,  425. 

Rocky  Mountain  protaxis,  Dana,   181. 

Salt  Range  in  India.  Waagen,  91. 

Sandstone  dikes  in  California,  Diller, 
3.34. 

Siderite-basins  of  the   Hudson  River 
epoch,  Kimball,  155. 

Silurian,      Lower,     graptolites     from 
nortliern  Maine,  Dodge,   153. 

StonoH,  building  and  ornamental  in  U. 
8.  National  Museum.  91. 

Strophalosia,  N.  A.  species,  Beecher,  i 
240. 
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Syringothyris,  Winchell,  and  iu  Ame^ 
ican  species,  Schuchert,  423. 

Taconic  limestone,  roesils  in,  at  Hills- 
dale, N.  Y.,  256. 

Tertiare    Pflauzen   der   Insel  Neiui- 
birien,  Schmalhausen,  257. 

Tertiary  fauna  of  Florida,  Dail.  423. 

Tostudinata,  extinct,  Marsh,  177. 

Tomoceras,   development  of  shell  in 
the  genud,  Beecher,  71. 

Trenton  limestone,  a  source  of  petio* 
leum  and  gas,  Orton,  90. 
Glacier,  Aletsch,  Bonaparte,  95. 
Glaciers,  Alpine,  in  1889,  Forel,  497. 

See  Geology. 
Goldschmidt,  Index  der  KTystallfomieiL 

etc.,  260. 
Gk>och,  F.  A.,  reduction  of  arsenic  add, 

66;  determination   of  bromine,   145: 

method  for  detection  of  iodine,  bro* 

mine  and  chlorine,  283. 
Gordon,  C.  H.,  Keokuk  beds,  Iowa,  296. 
Graham,  J.   C,  saud-iransportatioD  hf 

rivers,  746. 
Gulick,   J.  T.,  inconsistencies  of  utiO- 

tarianism  as  the  exclusive  theory  of 

organic    evolution,    1 ;     pre&er\aticii 

and  accumulation  of  cross-infertilitjt 

437. 


Hailstones,  Huntington,  176. 
Heat  as  a  form  of  energy,  495. 
Hertz's  experiments,  Boltzmann,  165. 
Hill,    R.   T.,   Goniolina    in    the    TexM 

Cretaceous.  64. 
Hillebrand,    W.  P.,  note  of  emmonsite, 

81  ;  nitrogen  in  urauiniie.  384. 
Hoffmann.  Canadian  minerals,  92. 
Howell,  E.  K.,  new  iron  meteorites  from 

Texas  and  S.  America,  223. 
Huggins,   spectrum  of  nebula  in  Orion, 

173;  of  Sirius,  175. 
Huntington,  0.  W  ,  hailstones  of  peco 

liar  form,  176. 


Iddings.  J.  P.,  fayalite  in  the  obsidiaD 
of  Lipari.  75. 


Kemp,  J.  F.,  minerals  from  Port  Henry. 

N.  Y.,  62. 
Kimball,   J.    P.,    siderite-basins  of  the 

Hudson  River  epoch,  155. 
Knowledge,     illustrated     magazine   ot 

science.  96. 
Kunz,  G.  F.,  new  American  mcteontes, 

312.  • 
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Y    work,    elements  of,    Earl, 

D.  W.,  Jr.,  geology    of  Mou 

jland.  Mobile  Bay.  237. 

3.  P.,  cheapest  form  of  light, 

ion  on   chlorine  water,  492; 
sphorus   492 ;  cheapest  form, 
and  Very,  97. 

es,  stationary,  Wiener.  165. 
lectrical  conductivity  effected 
sure,  Barus,  219. 
I.,  circular  polarization  of  tar- 
lutions,  III,  275. 
taking  of  icebergs,  333. 


9,  J.,  Amer.  Geological  Rail- 

ide,  343. 

md  gravity  observations,  Pres- 

•. 

1    induced  molecular  theory, 

331. 

leter,  mountain,  Meyer,  330. 

V.J  perofskite,   Magnet  Cove, 

C,  extinct  Testudinata,  177. 
.    M.,   experimental   proof  of 
aw,  42;  determination  of  the 
nt  of  cubical  expansion,  323. 
^  J.,  Appomattox  formation, 

W.  H.,  metacinnabarite  from 

maden,  Cal.,  291. 

,  science  of,  Noel,  262. 

B  magnification,  Stevens,  50. 

ES,  IRON— 

a.  Summit,  Blount  Co.,  Kunz, 

aquios,  Howell,  224. 

Kiowa  Co.,  Kunz,  312. 
Una,  Bridgewater,  Burke  Co., 

320. 
Jna,  Rockingham  Co.,yenable, 

iamilton  Co.,  Howell.  223. 
,  Henry  Co.,  Venable,  162. 

'inuebago  Co.,  Kunz,  318. 
ina.  Ferguson,  Haywc>od  Co., 
320. 

aourcos  of  the  U.  S.,  Day,  423. 
tario,  Report  on,  260. 
a,  Giornale  di,  93. 
cal  Report,  California,  92. 
r,  determinative,  Eyerman,  92. 
f  Canada,  Hoffmann,  92. 


Minerals — 

Akermanite,  336.  Allanite,  1 1 8.  Am- 
arantite.  Chili,  199.  Anthophyl- 
lite,  N.  C,  394.  Aromite,  258. 
Atacamite,  Chili,  207. 

Bertrandite  and  Beryl,  Mt.  Antero, 
Col..  488. 

Calcite,  Port  Henry,  N.  Y.,  62.  Cera- 
site,  Japan,  497.  Chalcopyrite, 
French  Creek,  Pa.,  207.  Chlorite 
group,  composition,  405.  Chryso- 
lite, anal.,  305.  Ciplyte,  335.  Cor- 
dierite.  Japan,  497.  Connellite, 
Cornwall,  82. 

Durdenite,  81. 

Emmonsite,  81.  Eucolite  and  Eudia- 
lyte.  Arkansas,  457. 

Fayalite.  Lipari,  75.  Ferronatrite, 
Chili,  202 ;  Fowlerite.  N.  J.,  484. 

Garnet,  Pa.,  117;  titaniferous,  N.  C, 
117.  Gibbsite,  so-called.  Pa.,  206. 
Gold  in  turquois.  New  Mexico,  115. 
Gordaite,  259. 

Hambergite,  170.     Hiortdahlite,  171. 

Johnstrupite,  171. 

Kaliborite,  336.     Karyocerite.  171. 

Lettsomite,  Arizona  and  Utah,  118. 
Lussatite,  259. 

Magnetite,  Port  Henry,  N.  Y.,  63. 
Metacinnabante,  Cal.,  291.  Mica 
g^oup,  composition,  410.  Morden- 
ite,  Wyoming,  232. 

Neotcsite,  335. 

Oolite,  calcareous,  Iowa;  siliceous 
Penn.,  246. 

Perofskite,  Magnet  Cove,  403.  Phen 
acite,  not  found  at  Hebron,  Me 
Yeates,  259;  of  Mt.  Antero,  Col. 
Penfield,  491.  Pholidolite,  335 
Phosphosiderite,  336.  Picrophar 
macolite,  Mo..  204.  Pitticite,  Utah 
205.  Polybasite,  Colorado,  424 
Pyrite,  Penn.,  114. 

Quetenite,  259. 

Rhodochrosite.  N.  J.,  375.  Rhodo- 
nite, N.  J.,  484.  Rubrite,  268. 
Rumpfite,  Styria,  424. 

Sanguinite.  Chili,  497.  Soapolite,  Pa., 
1 1 6.  Selen- tellurium,  Honduras,  79. 
Serpentine,  composition,  307.  Sider- 
ite,  N.  Y.,  156.  Sideronatrite,  Chli, 
201.  Sigterite,  336.  Sphalerite, 
amorphous.  Kansas,  160.  Stibnite, 
Mexico,  115. 

Talc,  composition,  306.  Tamarugite, 
258.     Tetradymite,  Arizona,  114. 

Uraninite.  nitrogen  in,  384.  Utahite(?), 
New  Mexico,  203. 

Vermiculites,  composition,  452.  Viv- 
ianite,  Tenn.,  120. 
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Weibyeite,  176. 
Zircon,  X.  0.,  116. 
Min^raux  des  roches.  M.  Utj  et  La- 
craix,  269. 

H 

Newberry.  Palaosoio  fishes  of  N.  A.,  255. 
New  South  Wales,  R.  Society,  342. 


Obituart — 

Owen,  Richard.  96. 

Peters,  a  H.  P.,  176. 
Ohm.  re-determination  ot  Jones,  419. 
Ohm*B  law,  experimental  proof,  Mayer, 

48. 
Ostwald's  Klassiker  der  exakten  Wis- 

senschaften,  499. 


Paris  Exposition  of  1889,  96. 

PartridgjB,  E.  A.,  atomic  weight  of  cad> 
mium,  377. 

Penfleld,  S.  L.,  fayalite  in  the  obsidian 
of  lipari,  75 ;  composition  of  coonel- 
'hte,  82:  crystallo^rrapbic  notes.  199; 
chalcopyrite  crystals  firom  Chester 
€k>.,  Pa.,  207 ;  anthophyllite,  Frank- 
lin, Macon  Go.,  N.  C,  394 ;  beryllium 
minerals  of  Mt  Antero,  Col.,  488. 

Perkins,  C.  A.,  vapor  teusion  of  sul- 
phuric acid,  and  Oatbetometer  micro- 
scope, 301. 

Phospboro-photographs,  Lommel,  330. 

Photography  of  oscillating  electric 
sparks,  Boys,  331. 

PirsBon,  L.  V.,  mordenite,  232  ;  fowler- 
ite  variety  of  rhodonite.  New  Jersey, 
484. 

Preston,  E.  D.,  magnetic  and  gravity  ob- 
servations on  the  west  coast  of  Africa, 
etc.,  478. 

E 

Robertson,  J.   D.,   zinc  sulphide  from 

Cherokee  Co.,  Kansas,  160. 
Russell,  T.,  prediction  of  cold-waves,  46i{. 

s 

Sand-transportation  by  rivers,  Graham, 

746. 
Schneider,  K.  A.,  constitution  of  natural 

silicates,  303,  405,  452. 
Sheldon,  S.,  magneto-optical  geueration 

of  electricity,  1 96. 
Solar  Corona,  Bigelow.  343. 
Spectra,   coincidence   between   lines  of 

different,  Ruuge,  165. 


Spectrum  of  nebnk  la  Oi 

173;  ofSiriuB,  175. 
Spencer,  J.,  Sonnd,  Lif^i 

Magnetism  and  Electrkl 
Spenoer,  J.  W..  defonnatii 

Beach  and  birth  of  LaU 
Steam  calorimeter,  Wird^  I 
Stevens.  W.  L.,  microMri 

tion,  50. 
Stone,  G.  H.,  glacial  sedM 

122. 
Stone  implement.  New  Ool 

95.  1 

•n        ' 
T        J 

Tarr,  R.  8.,  superimporilk^ 

age  in  central  T^xas,  HI 
Thermometer,  plaUnnm,  Qi 
Thurston,  Engine  and  Bofll 

Heat  as  a  form  of  BnM 
Torrey,  J.,  Jr^  microsoopE 

Oolite,  246. 
TyrrelL  J.  B.,  Poet-tert^ 

88;  Cretaceous  of  Mann 


Yeoable,  F.  P..  new  metaa 

Very,  F.  W.,  cheapest  fon 

Volcanoes,  eruption  of  fiao 

of  Hawaii,  Brigham  ami 

w 

Water,  weight  of  cubic  L 

495. 
Waves  in  air  produced  b 

Macb  and  Wentzel  419. 
Wells,  H.  L.,  Selenium  ai 

minerals  from  Honduras, 
White,  D.,  notice  of  Feistn 
Williams,  G.  H.,  Crystallog 
Williams,  J.  W.,  Eudialyte 

from  Arltansas,  457. 


Yeatos,  phenacite  not  foun 
Me.,  259. 


Zoology — 
Biological   Survey  of  Si 

Mt.,  etc.,  C.    H.   Mer 

Stejneger,  498. 
MolluskR,  deep  sea,  Dalt 
Pelecrypoda,  etc.,  phylog 

son,  421. 
Zoe,  Biolo^cal  journal,  9 
Zoologie,  Verzeichniss  < 

uber,  342. 
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Aberration,  constaut  of,  A.  Hall,  v,  505. 

Academy,  National,  meeting  at  Boston 
1886,  ii,  486;  1890,  xl,  498:  New 
Haven,  vi,  475;  New  York,  iv,  319; 
Philadelphia,  viii,  498;  Washington, 
iii,  432;  v,  424;  vii,  420;  ix,  412. 
Memoirs,  iv,  319;  ix,  414. 

Acoustical  investigations,  iii,  238. 

Aerolites,  see  Meteorites. 

Agassiz,  A.,  sea-bottom  deposits  off  E. 
N.  America,  i,  221 ;  Three  Cruises  of 
the  Blake,  v.  495;  notice  of  Biblio- 
theca  Zoologica,  v,  420 ;  Coral  reefs 
of  Hawaiian  Islands,  viii,  169;  deep 
sea  dredging,  xl,  497. 

Agassiz  Associations,  Magazine,  iii,  246. 

Agriculture  in  its    relations  to  Chem- 

.  istry,  Storer,  iii,  509. 

Air,  separation  of  liquefied,  i,  1 48. 
coefficient  of  viscosity,  iii,  308. 

Aitkin,  dust  particles  in  the  air,  v,  413. 

Alabama,  Geol.  Report,  iii,  78. 

Alexander,  J.  M.,  Mt.  Loa  in  1885,  vi, 
35. 

Alexander,  W.  D.,  crater  of  Mt.  Loa,  ii, 
235. 

Algebra,  Graham,  viii,  420;  Lensenig, 
viii,  420. 

Algol  system,  Vogel,  ix,  246. 

Allen,  A.  H.,  Commercial  Organic  Anal- 
ysis, viii,  490. 

Ailing,  A.  N.,  topaz  from  Utah,  iii,  146. 

Alloys,  nickel  and  tungsten,  magnetism, 
Trowbridge  and  Sheldon,  viii,  462. 

Alps,  see  Geology, 


American,  see  Association^  GeohgiccU^ 
Museum. 

American  Anthropologist,  v,  425. 
Geologist,  V,  84. 
Naturalist,  iii,  246,  326. 

Annalen  des  Hofmuseums,  Vienna,  ii,  82. 

Antigua,  Geoolgy  of,  i,  226. 

Ardissone,  F.,  Phycologia  Mediterranea, 
i,  479. 

Argentine  Star  Catalogue,  iii,  84. 

Arkansas,  Geol.  Report,  v,  255,  264 ;  vii, 
411  ;  viii,  413. 

Neozoic  Geology  of,  viii,  413,  468. 
peridotite  in,  viii,  50. 

Artesian  well,  St.  Augustine,  Fla.,  iv, 
70;  Long  Island,  Lewis,  vii,  233. 

Arthur,  T.  C.,  Plant  Dissection,  i,  477. 

Ashbumer,  C.  A.,  Pennsylvania  Geol- 
ogy, i,  227,  228;  Geology  of  Natural 
Gas,  i,  309 ;  Oil  regions,  i,  480. 

Assayer's  Manual,'  Kerl  and  Garrison, 
viii,  171. 

Association,  American,  meeting  at  Buf- 
falo, ii,  82,  319,  326;  Cleveland,  vi, 
78,  297;  Indianapolis,  xl,  175,  336; 
Now  York  City,  iii,  432 ;  iv,  80,  234 ; 
Toronto,  viii,  80,  331. 

Langley's  address,  vii,  1 . 
British,  meeting  at  Bath,  vi,  396; 
Birmingham,  ii,  412;  Leeds,  xl,  342; 
Manchester,  iv.  315;  Newcastle,  viii, 
419. 

Asteroids,  Kirkwood,  v,  345. 
see  Planets. 

Astronomical  Journal.  Gould's,  ii,  326, 
486;  iii,  428. 
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Astronomical  Observatory,  Yale,  trans- 
actions, Hall  ix,  245. 

research,  aid  to,  Bruce,  xl,  262. 
Society  medals,  i,  408. 
Chicago,  reports,  iv,  312. 

Astronomy,  History,  Gierke,  i,  406. 

Atlantic  Ocean,  see  Ocean. 

Atlantis  of  ancient  fable,  vii,  200. 

Atmosphere  of  ft  Lyne,  Sherman,  iii,  126. 

Aurora,  spectrum,  Huggins,  viii,  75. 

Austen,  P.  T.,  Chemical  Lecture  Notes, 
vii,  409. 

Australia,  Tertiary  flora,  Constantin,  viii, 
493. 

Coal  and  plant  bearing  beds,  Feist- 
mautel.  xl,  495. 

Jurassic  fish  fauna,  xl,  497. 

Auxanomeler  and  clinostat,  Albrecht,  v, 
258. 

Avogadro's  hypothesis,  experimental  de- 
monstration, iv,  224. 

Ayres,  K.  F.,  mineralogical  notes,  vii, 
235;  crystallization  of  trona,  viii,  65. 

Ayrton,  W.  E.,  Practical  Electricity,  iv, 
152. 

B 

Bacteria  in  normal  stomachs,  vii,  320. 

Bailev,  L.  11.,  N.  American  Carices,  ii, 
412. 

Bailey,  S.  C.  H.,  meteorite  from  Renssel- 
aer To  .  N.  Y..  iv,  GO. 

iJjullou.  Dictionnaire  de  Botjinique  and 
Histoire  des   Phintes.  i,  :J15:  iii,  244. 

Baker,  E.  P.,  notes  on  Mt.  Loa,  vii,  52. 

Bak(^r.  J.  (J.,  Hundbook  ot  tlie  Amaryl- 
lidea.',  vii.  418. 

Ball,  J..  Flora  of  Peruvian  Andes,  i,  231; 
Notes  of  a  Naturalist  in  S.  America, 
iii,  420. 

Ball,  W.  W.  R.,  History  of  Mathematics, 
vii.  241. 

Barbour,  K.  II.,  tortoise  (Clirysemys 
picta)  with  two  heads,  vi,  227;  Iowa 
meteorites,  ix.  521;  microscopie  struct- 
ure of  oolite,  xl.  2  M). 

Barker.  O  F.,  ehemical  and  physieal 
abstiaets,  i.  5T,  MM,  2U;,  308,  ;i89, 
47r,:  ii.  72.  ir,0.  2:51.  47fi;  iii.  G7,  148, 
2:^(1,  ?A)\\,  419.  iv.  G2,  152.  224,  394, 
480;  v,  73,  248,  .334.  410,  492;  vi. 
hO,  150.  3.s;-{,  4G5;  vii,  73,  221,  313, 
40G;  viii,  74.  1 57.  324,  408.  48G ;  ix, 
G5,  147,  230,  312,  397,  518;  xl,  86, 
1G3,  250,   415,  492. 

Barrois.  C! ,  Faune  du  culeaire  d'Erbray, 
viii,  1G4. 

Barus,  ('..  properties  of  iron  earburet.«»,  i, 
G7;  struetureot  tempered  steel,  i,  38G; 
straiu-elTeet  of  sudden  cooling  on  glass 
and  steel,  i,  439. 


Barus,  C,  stmin-effect  of  sudden  oooliog 
in  glass  and  steel,  11,  181 ;  hyd^o^le^ 
trie  effect  of  temper  in  steel  ii,  276; 
viscosity  of  steel  and  its  rektioD  to 
temper,  ii,  444,  iii,  20,  iv,  1. 

effect  of  magnetization  on  viscosit; 
and  rigidity  of  iron  and  steel,  iv,  175. 
viscosity  of  gases  at  high  tempera- 
tures, V,  407. 

electrical  relations  of  platioum 
alloys,  vi,  427  ;  viscosity  of  solids,  ri, 
178;  energy  in  permanent  strains,  vi, 
468. 

subsidence  of  fine  particles  in  liquids, 
vii.  122;  electrical  resistance  of  sirea- 
ed  glass,  vii,  339. 

energy  potentialized  in  pennaneot 
changes  of  molecular  configurattoos, 
viii,  193;  relation  of  volume,  etc,  in 
case  of  liquids,  viii,  407. 

absolute  viscosity  of  solids,  liquids 
and  gases,  ix.  234  ;  fluid  volume  aod 
its  relation  to  pressure  and  tempera- 
ture, ix,  478. 

effect  of  pressure  on  electrical  con- 
ductivity of  liquids,  xl,  219. 

Bastin,  E.  S.,  Elements  of  Botany,  iv,496. 

Bathy metric  map,  J.  D.  Dana,  vii,  192, 
242. 

Battery,  see  Electric  and  Electrostatic. 

Baumhauer,  Ii.,  Das  Reich  der  Krystalle. 
ix,  75. 

Baur,  G.  Pala^ohatteria,  ("redner.  and  the 
Proganosauria,  vii,  310;  Kadalio.-iaurui 
priscus,  ix,  156. 

Bay  ley,  W.  S..  rocks  of  Pigeon  Point 
Minn.,  V,  388;  vii,  54  ;   ix,  273. 

Beal,  W.  J.,  (irasses  of  North  America, 
iv,  493. 

Beam,  W.,  examination  of  water  for  san- 
it^iry  and  technical  purposes,  vii.  421. 

Beauregard  et  Oampe.  Guide  pratique 
pour  les  travaux  de  micrographie.  viii. 
415. 

Beccari,  0.,  Malesia,  iii,  82,  319 

Becker.  G.  F..  theorem  of  maximum  d:^ 
sipativity,  i,  115;  new  law  of  thenm>- 
cheraistry,  i,  120;  Creiaeeous  meti- 
morphic  rocks  of  California,  i.  348. 

texture  of  massive  rocks,  iii,  50; 
Washoe  rocks,  iii,  75  ;  natural  solu- 
tions of  cinnabar,  gold,  and  asaoomte<i 
sulphides,  iii,  199. 

geological  development  of  Pacific 
slope,  iv,  72. 

silicic  acids,  viii  154. 
quicksilver  deposits  of  Pacific  sloj*. 
ix,   68 ;   metamorphism  of  California 
roeks,    ix,    68;    proof  of  the  earth's 
rigidity,  ix,  336. 

Beddoe,  J.,  Races  of  Britain,  ii,  245. 
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Beecher,  (J.  K.,  Dotice  of  Hall's  Paleon- 
tology of  New  York,  vol.  vi,  v,  498. 
BrachioBpongidjt,  vii,  316. 
Arthrolycosa  antiqua  of  Uarger,  viii, 
219. 

development  of  some  Silurian  Bra- 
chiopoda.  ix,  71. 

development  of  Bhell  in  the  genus 
Tornoceras,  xl.  11;  Koninckina  and 
related  genera,  xl,  211;  Leptaenisca, 
new  brachiopod  from  the  Lower  Hel- 
derberg.  xl,  238 ;  N.  American  species 
of  Strophalosia,  xl,  240. 

Bell.  L..  ultra-violet  spectrum  of  cad- 
mium, i,  426:  absolute  wave-length 
of  light,  iii,  167,  v,  265,  347;  effect 
of  magnet  on  chemical  action,  vi,  39. 

Bennett,  A.  W.,  Handlxjok  of  Crypt^j- 
gam»c  Botany,  viii,  168. 

Bennett,  J.  H.,  Plants  of  Rhode  Island, 
vi.  394. 

Berkshire  Historical  and  Scientific  So- 
ciety. Papers  of,  iii,  85. 

Bermuda  Islands,  work  on,  Heilpnn, 
viii,  418. 

Bibliogriiphie  de  I'Astronomie,  Houzeau 
and  Lancester,  ix,  411. 

Bibliotheca  Zoologica,  Chun  and  Leuck- 
art.  V,  420. 

Taschonberg,   iv,   412,  v,  505,  vii, 
80,  ix,  163. 

Biddle,  H.  J.,  surface  geology  of  south- 
om  Oregon,  v,  475. 

Bigclow,  F.  H.,  solar  corona,  xl,  343. 

Binney,  W.  G.,  I>jind  Shells,  i,  157. 

Birds,  see  Geology  and  Zoology. 

Bishop,  I.  P.,  fossiliferous  limestones  in 
Chatham,  N.  Y.,  and  their  relation  to 
Hudson  R  shales  and  Taconic,  ii,  438 ; 
Lower  Silurian  fossils  in  Columbia 
Co.,  N.  Y.,  ix,  69. 

Blair,  A.  A.,  Chemical  Analysis  of  Iron, 
vi,  387. 

Blake.  W.  P..  meteorite  from  Tennessee, 
i,  41 ;  gold  in  nature,  i,  477  ;  scheelite 
from  Idaho,  vii,  414;  mineralogical 
notes,  ix.  43. 

Blakesley,  T.  H.,  alternating  currents  of 
electricity,  i,  154. 

Blanford,  W.  T..  Fauna  of  British  India: 
Pt.  I,  Mammalia,  vi,  297. 

Bodewig,  C,  epidote  and  hanksite,  viii, 
164. 

Bohm,  A.,  Hochsecn  der  Ostalpen,  iii. 
431. 

Bolometer,  theory  of,  Reid,  v,  160;  Helm- 
holtz,  ix,  154. 

Bolton,  H.  C.  sonorous  sands  of  Sinai, 
ix,  151. 

Bolus.  H.,  Flora  of  South  Africa,  ii,  164. 
Orchids  of  the  Cape  Peninsula,  vii,  417. 


Bonaparte,  P.  R.,  Le  Olacier  de  Aletsch 

et  le  Lac  de  Mtirjelen,  xl,  95. 
Bostwick,  A.  K..  absorption  spectra  of 

mixed  liquids,  vii,  471. 
Botanic  garden,  Java,  vii,  322. 
Botanical  necrology,  i,  12,  302,  316. 
Botanical  Society  of  France,  vii,  503. 
Botanische  Zeitung.  i,  406. 
BoTAKioAL  Works  Noticed — 
Acta  Horti  Petropolitaui,  iii,  83. 
American  Woods,  Hough,  vi,  160. 
Angewandte   Pfla  n  zena  natomie, 

Tschircli,  viii,  254. 
Annals  of  Botany,  i.  409;  vii,  419. 
Atlas  natiirlichen  Meeresalgen,  Schiitt, 

Kuckuck.  Remke.  viii,  416. 
Beitrage  zur  Kenntniss  der  Oxidations- 
Vorgange  in  lebcndcn  Zellen,  Pfef- 
fer,  viii,  166. 
Bentham's  British   Flora.  Hooker,  ill 
319. 

Biologia  Centrali- Americana,  Botany, 

Hemsley,  viii,  166. 
Botany  of  Japan,  i,  478. 

of  the  Northern  United  States, 
Gray,  ix,  240. 

of  Rocky  Mountain  region.  Coul- 
ter, i,  76. 

British  Moss   Flora,   Braithwaite,  iv, 

493. 
Bulletin  of  Congress  of  Botany  and 

Horticulture,  8t.  Petersburg,  iii,  80. 
Bulletin  de  la  Soc.  Bot.  de  France,  iii, 

427. 

Carices  of  North   America,  Bailey,  ii, 

412. 
Catalogue  of  herbarium  of  University 

of  Tokyo,  ii,  245. 

of  plants  of  Middlesex  Co.,  Mass., 

Dame   and  (>)llins.    vi,    392;    near 

Niagara    Falls.    Day,    vi,    395;    of 

Nantucket,  Mass.,   Owen,   vi,  393; 

of  New  Jersey,  Britton.  xl.  171;  of 

Rhode  Island.  Bennett,  vi.  394;  of 

Vermont,  Perkins,  vi,  394. 
Catalogue    provisoiro     des     Plantes, 

Langlois.  iv.  494. 
Catalogns   Bibliothecae   Tlorti  Imper- 

ialis  Botanici  Petroi)oliUini,  Herder, 

iii,  83. 
Cayuga  Flora,  Dudley,  ii,  245. 
Check-list  of  N.  A.  Plants,  Patterson, 

iii.  244. 
Contributions    to   American    botany, 

Watson,   Nos.  14,  15,  vi,  392;  No. 

16,  vii,  415, 
Diagrnoses  Plantarum  novarum  Asiati- 

canim,  vii.  Maximowicz,  vii,  417. 
Dictionnaire  de  Botanique,  Baillon,  iii, 

244. 
des  Plantes.  Baillon,  i,  315. 
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fiOTANTOAL  W0BK8  NonOTD— 

Die  aat&rlichen  Pflaiusenfamilieii,  Bug- 
ler und  Prantl,  It,  74;  v,  269;  vifi, 
415 ;  Ix,  76 ;  zl,  93. 

Drugs  and  Medidnes,  Llojd,  i,  813; 
ii,  244. 

Blemente  of  Botany,  Bastin,  !▼,  496 ; 
Graj,  iv,  495. 

Enumeratio  Plantaram  Guatemaltn- 
sium,  etc.,  Pt  I,  Smith,  Til,  419. 

BiTthrsQee  exsiccatsB,  Wittrook,  i,  237. 

Flora  BraailieDsia,  Eicfaler,  i,  168; 
SchumanD,  ii,  166;  iii,  318;  Oog- 
niauz,  iii,  318. 

of  BiitiBh  India,  Hooker,  ii,  326; 
Goaat  ialands  of  California,  LeConte, 
It,  467;  of  Hawaiian  Idaada,  Hille- 
brand,  v,  610 ;  Italians,  y6L  yiii,  Tit, 
417;  Italica,  Camel,  ii,  165;  South 
AfHca,  Boloa,  ii,  164;  Washington, 
Enowlton,  iii,  82 ;  Wilmington, 
Wood  and  McCarthy,  iii,  319. 

Flora,  Oder  allgemeine  botanische, 
Zeitung,  viii,  253. 

Flowers,  fruits  and  leaves,  Lubbock, 
ii,  411. 

GhiTdeu  and  Forest,  O.  S.  Sargent,  t, 
420. 

Gam8e7*s  Translation  of  Sadis's  His- 
tory of  Botany,  ix,  407. 

Genera  and  species  of  N.  America, 
analytical  key,  Barnes,  xl,  173. 

Grasses  of  N.  America,  Beal,  iv,  492. 

Guide  to  museums  of  economic  botany, 
ii.  165. 

Guide  pratique  pour  les  travaux  de 
micrographie,  Beauregard  et  Gal- 
lipo,  viii,  415. 

Handbook  of  the  AmaryllidesB,  Baker, 
vii,418. 

of  Cryptogamic  Botany,  Bennett, 
viii,  168. 

of  Plant  Dissection,  i,  477. 

Herbaria,  ancient,  St.-Lagor,  ii,  79. 

Herbarium,  Lamarck's,  ii,  485  ;  of  Dr. 
Jos.  Blake,  vii,  419. 

Historie  des  Plantes,  BaiUon,  i,  315. 
dcs  Var.  et  Especes  de  Vignes, 
etc.,  Millardet,  i,  158. 

Icones  Plantarum,  Hooker,  ii,  166, 
485;  iii,  163,  244,  318. 

Index  to  Botanical  Gazette,  li,  244. 
of  the  Fungi  of  U.  S.,  Farlow  and 
Seymour,  vii,  79. 

to  Plant-Names,  Daydon-Jackson, 
iii,  320. 

Jahrbuch  des  K.  K.  botanischen  Gar- 
tens, Eichler,  iii,  82. 

Journal  of  Linnean  Society,  ii,  80. 
of  Michaux,  1787-1796,  vii,  419. 


BoTAHioAL  Works  NonoiD— 
Joum^  of  A.  ICidiaax  to  mountaiii 

of  Carolina,  it,  466. 
Key  to  System  of  Yictorian  Flanti,  I 

Mueller,  tU,  416. 
Leerboek    diar    Fkmteii-phyBkilogie^ 

De  Yries,  i,  314. 
Lists  of  plants,  zl,  172. 
Malesia,  Beccari,  iU,  82,  319. 
Memoirs  of  Torrey  Biotanical  Clob, 

▼oL  i,  Na  1,  ix,  162. 
Monograph  ice  Phaneroganim  Prodio- 

mi,  eto.,  Planchon,  yoL  t,  iv,  490: 

DeOanddle,  voL  ▼!,  AudropogoiiMi^ 

Haekel,  riii,  263. 
Ordiids  of  Cape  Peninsula,  Bolos,  ffi, 

417. 
OotlUiee  of  Lessons  in  Botany,  Pt  I, 

Newell,  vU,  419. 
Paintings,  Miss  North's,  ii,  165. 
Phycologia  Mediterranea,  i,  479. 
Physiology  of  plants,  Sadbs,  ir,  410; 

Vines,  ii,  411. 
Pittonia,  Greene,  iii,  426. 
Plants  of  Australia,  M&ller,  iii,  163; 

of  Oregon,  Washington  and  Idiho, 

Howell,  iii,  319. 
Practical  Instraction  in  Botany,  Bomr 

and  Tfaies,  !▼,  492. 
Primer  of  Botany,  Hooker,  iii,  83. 
Prodromus  Faunas  MediterraneR^  etc, 

oongessit,  Cams,  ix,  410. 
Revision  of  N.  American  Umbellifers, 

Coulter  and  Rose,  vii,  417. 
Scientific  Papers  of  A.  Gray,  Sargent, 

viii,  419. 
Seedlings,  forms  of,  Lubbock,  ii,  485. 
Structural   and    Systematic    Botaoj, 

Cambell,  xl,  173. 
Study  of  Lichens,  iv,  75. 
Synoptical  Flora  of  N.  America,  Graj, 

i,  238. 
List  of  N.  A.  Species  of  Ceaoo- 

thus,  Trelease,  vii,  418. 
Tennessee  Flora,  Gattinger,  iii,  426. 
West  American  Oaks.  Kellogg,  ix,  79. 
West  Coast  Botany,  Rattan,  iii,  319. 
Works  of  George  Kngelman,  i,  76. 
Botany — 
Abietineie,  primordial  leaves  ot  ^ 

238. 
Absorption  of  coloring  matters  by  liv- 
ing protoplasm,  ii,  486. 
AlgiB,  agency  of,  in  formation  of  sili- 
ceous deposits  of  geysers,  Weed. 

vii,  351,  50L 
American  Desroidieas,  i,  478. 
Ampelideffi,  Planchon,  iv,  490. 
Andean  Flora,  Ball,  i,  231. 
ApetalsB,  Macoun,  iii,  164. 
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Botany — 

Ascent  of  colored  liquids   in   living 

plants,  Wielor,  xl,  1 73. 
Assimilation,  chemical  nature  of,  vii, 

237;  by  colored  leaves,  Engelmann, 

▼i,  159. 
Balanophora  and  Thonningia,  Fawcett, 

iii,  82. 
BombaceaB,  comparative  anatomy,  Du- 

moDt,  vi,  75. 
Botanical  work  in  Minn.,  Report  on, 

iv,  492. 
Bryophyllum  calcinum,  multiplication 

of,  vii,  419. 
Ceanothug,  C.  C.  Parry,  vii,  418. 
Cell-wall,  relations  of,  vii,  237. 
Color  granules  in  flowers  and  fruits, 

vi,  472. 
Compass  plant,  iii,  245. 
Crocus,  Maw,  iii,  82. 
Curtis's  Botanical  work,  i,  159. 
Cyperus,  Britlon,  iii,  83. 
Cypripedium  arietinum   in   China,  ii, 

244. 
Dermatitis  venenata.  White,  iv,  410. 
Development  of  organs,  preparation  of 

sections  for  study  of,  Goethart,  xl, 

172. 
Diatom  beds  of  the  Yellowstone  Park, 

Weed,  ix,  321. 
Entomophilous  flowers  in  Arctic  re- 
gions, iii,  318. 
Filicineaj,  Burgess,  iii,  82. 
Flowering  Plants,  aluminum  in  ashes 

of,  iv,  482. 
Fish-inebriating  Plants,  Radlkofer,  iv, 

49.3. 
France,  plants  naturalized  in,  i,  315. 
Fungi,  coloring  matters  in,  vii,  320. 
Glycerin  and  certain  tissues,  de  Vries, 

vi,  158. 
Grafting,  heterogeneous,  ii,  81. 
Growth,    physiology   of,    Wortmann, 

viii,  415. 
Heather  in  Townsend,  Mass.,  Ball,  Vi, 

295. 
Hepatic^  Amazonicic,  etc.,  Spruce,  i, 

238. 
Histology  as  basis  for  classification, 

ix,  407. 
Hybrids,  Saporta,  ix,  161. 
lodes  Tomentilla,  stem  structure,  Rob- 
inson, ix,  407. 
Laubblatter,  der  flxen  Lichtlage  der, 

Krabbe,  viii,  253. 
Leaves,  Juncaceaj,  Buchenau,  i,  237. 
Liriodendron,  leaves  of.  Holm,  xl,  422. 
Malvacoaj,  comparative  anatomy,  Du- 

mont.  vi,  75. 
Nitrogen,  fixation  of  by  leguminous 

plants,  Breal,  ix,  163. 


Botany — 

Nomenclature  of  fossil,  Nathorst,  i, 
236. 

Notarisia,  i,  479. 

Nutrition  of  higher  plants,  part  am- 
monia plays  in,  Miintz,  ix,  162. 

Orchid  nomenclature  conference,  iii, 
164. 

Ostrich  fern,  Campbell,  iv,  494. 

Pear-blight,  Arthur,  iii,  82. 

Das  pflanzen-physiologische  Prakti- 
kum,  Detmer,  v,  87. 

Phyllodium,  nature  of,  viii,  495. 

Pittonia,  Greene,  iv,  493. 

Plants,  descending  water-current  in, 
vii,  319. 

respiratory   organs    of,   Jost,    v, 
528. 

utilization    of   free    atmospheric 
nitrogen,  viii,  253. 

Plasmolytic  studies,  i,  157. 

Primula  conference,  iii,  1 64. 

Protoplasma  als  Fermentorganismus, 
Wigand,  vii,  77. 

Protoplasm  subjected  to  action  of 
liquids,  Goodale,  iii,  144. 

Ranunculus,  Freyn,  iii,  83. 
hybrids  in,  ix,  325. 

Redwood  Reserve,  iii,  425. 

Root,  structure  of  the  ** crown"  of, 
vii,  322. 

Sap,  cause  of  ascent  of,  Boehm,  ix,  162. 

Saprophytes,  roots,  Johow,  ix,  243. 

Secretions,  ori^nn  of  canals  and  recep- 
tacles for,  LeBlois,  vi,  76. 

Serjania  Sapindacearum  Genus,  Radl- 
kofer, iv,  493. 

Shortia,  rediscovery,  ii,  472. 

Sterciiliaceje.  comparative  anatomy, 
Dnmont,  vi,  75. 

Studi  botanici  sugli  Agmmi,  etc.,  Pen- 
zig,  iv,  494. 

Sugar  beet,  improvements  in,  vii,  238. 

Sympetaleia,  Gray,  iii.  319. 

Temperature-experiments  on  relations 
of  plants  to  cold,  ix,  78 

Tendril  movements,  Penhallow,  i,  46, 
100,  178. 

Tentacles  of  Drosora,  De  Vries,  i,  406. 

Thalictrum,  Lecoyer,  i,  235. 

Tiliacere.  comparative  anatomy,  Du- 
mon,  vi,  75. 

Trees,  "ringed,"  vii,  79. 

Tropical  plants,  eftects  from  a  temper- 
ature of  30"  to  40"  F.,  ix,  77. 

Vegetable  histology,  vi,  75 ;  physiol- 
ogy, vi,  168. 

Vegetable  cell,  recent  knowledge  of, 
V,  341  (Zimmermann),  v,  419(Loew 
and  Bokorky);  histology,  recent 
advances  in,  v,  503. 
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Volvox,  KleiD,  viii.  252. 

Woody  tissues,  disintegration  of,  ix, 
79. 

Zellhaut,  Entstehuns^  und  Wacbsthum 
der,  Zacbarias,  viii,  252. 

See  further  under  Geology. 
Bower,  Practical  Instruction  in  Botany, 

iv,  492. 
Boyden  fund,  iii,  325. 
Brackett,  R.  N.,  peridotiie  of  Arkansas, 

viii,  56. 
Brainerd,   B.,   Calciferous  formation  in 

the  Champlain  Valley,  ir,  235. 
Braithwaite,  British  Moss  Flora,  iv,  493. 
Branner,  J.  C,  thickness  of  ice  of  Glacial 

era  in  Pennsylvania,  ii,  362. 

Geology  of  Arkansas,  1887,  v.  264. 
geology  of  Fernando  de  Noronha, 

vii,  145;   Report  Geol.Surv.  Arkansas. 

1888,  vii,  411;  Cretaceous  and  Tertiary 

Geology  of  the  Sergipe-Alag6as  basin 

of  Brazil,  vii,  412. 

peridotite    of    Arkansas,    viii,    50; 

Report  Geol.  Surv.  Arkansas,  vol.  ii, 

1888,  viii,  413. 
feolian  sandstones  of  Fernando  do 

Noronha,  ix,  247. 
Braun,  F.,  electric  currents  from  deforma- 
tion, vii,  495. 
Brazil,  geology  of,  Branner,  vii,  412. 
Brighara,  W.  T..  Kilauea  in  1880,  iv,  19; 

Mt.  Loain  1880,  vi,  33. 
Brintr)n,  D.  G.,  Kssay.s  of  an  American- 
ist, ix,  413. 
British    Fossil     V^ertebrata,    catalogue, 

Woodward  and  Sherborn,  ix,  402. 
Muaeura,    Kosail    Cephalopoda,   vii, 

413. 
Brittou,  N.  L.,  Arc'ha?au  areas  of  N.  J. 

and  N.  Y.,  vi,  71. 
Brojfger,  W.  C,  minerals  of  Norwaj'.  xl, 

170. 
Brongtiiart,  C,  Fossil  Insects,  i,  15G. 
Brooks,  F.  T.,  method  for  dotocLion  of 

iodino.  l)roraine  and  chlorine,  xl,  283. 
Brown,  J.  A.,  Pahuolithic  Man  in  North- 
west Middlesex,  v.  255. 
Brown,  \V.  G.,  crystallographic  notes,  ii. 

377. 
Browne,  D.  11.,  phosphorus  in  Iron  Mtn., 

Mich.,  vii,  21)0. 
Browning,  V.  F.,  determination  of  iodine 

in  haIoi»l  salts,   ix,  188;   reduction  of 

arsenic  acid,   xl,  GG;   analysis  of  rho-  i 
dochrosile,  Franklin,  N.  .1.,  xl.  375. 
Brusli,    (jr.   J.,   minerals  at   iJranchville,  t 

Ct..  ix,  201. 
Building  stones,  decay  of,  ii,  243. 

durability  of,  ii,  319.  I 

of  National  Museum,  Merrill,  xl,  91.  . 


Bumham,  S.  M.,  Precious  Stones,  iii,  84 
Butler,  A.  A.,  Tripyramid  slides,  i,  404. 
Butler,  A.  P.,  South  Carolina,  i,  73. 


Cairns,  F.  I.,  crocidolite,  Cumberland.  R. 

I.,  iv,  108. 
California,  Mineralogical  Reports,  i,  76; 

iv,  159;  viii.  166;  xl,  92. 

Flora  of  coast  islands,  LeConte,  ir, 

457. 

Geology  of  Northern,  DiUer,  iii,  152; 

xl,  476. 
quartzose  lava  in,  iii,  45. 
rocks,   metamorphtsm,    Becker,  ix, 

68. 
sandstone  dikes,  zl.  334. 
Calorimeter,    ether,    Neesen,    vi.   293; 

steam,  iv,  150;  vapor,  iv,  224. 
Cameron,  J..  Soaps  and  Candles,  vii,  242. 
Campbell,  D.  H.,  development  of  ostrich 

fern,  iv,  494. 

Structural  and  Svstematic  Botaoj, 

xl,  173. 
Campbell,  J.  L.  and  H.  D.,  on  Rogers's 

Geology  of  the  Virginias,  i,  193. 
Canada,  Geol.  Report  of  1885,  iii,  316: 

1887-8,  ix,  238. 
minerals,  Hoffmann,  xl,  92. 
nickel  ore  from,  vii,  372. 
Palaeontology,  Whiteaves,  viii,  493. 
Royal  Society,  Transactions,  iii,  84; 

viii,  493;   xl,  499. 
Canfield,  F.  A.,  catalogue  of  minernlsof 

N.  Jersey,  ix.  IGl. 
Carbon,    electrical    resistance    of  soft, 

Mondenhall.  ii,  218. 
See  Chemistry. 
Carhart,  H.  8.,  direct  and  counter  elec- 
tromotive forces,  i,  95 ;  surface  trans- 
mission of  electrical  discharges,  i.  256; 

improved  standard  Clark  cell,  viii,  402. 
Carmichael,  H.,  deiermination  of  arsenic, 

ii.  129. 
Carpenter,  H.,  Blastoidea  in  British  Mu- 
seum, ii,  409. 
Camel,  T.,  Flora  Italica,  ii,  165. 
Cams.   J.   v..   Fauna;   Mediterraneze,  i. 

238 :  Prodromus  Faunae  Mediterraneae. 

etc.,  ix.  410. 
Cascade  mountains,  ascent  of  peak  io. 

Roll,  IX,  80. 
Gatlett,  (/.,  nickel  ore  from  Canada,  vii, 

372. 
Cavendish  experiment.  Boys,  ix,  154. 
Challenger,  magnetic  results  of  voyage, 

ix,   154. 
Chamberlin,    B.    B.,    Minerals  of    New 

York  County,  vi,  392. 
Chamberlin,  T.  C,  the  term  Agnotozoic, 

V,  254;  rock-scorings,  vii,  502. 


7] 


VOLUMES  XXXI-XL. 


611 


Chandler,  S.  C,  Jr.,  the  Almucantar,  iv, 

79. 
Charleston  earthquake,  see  Earthquake. 
Chatard,  T.  M.,  lucasite,  a  new  vermic- 
ulite,  ii,  375;  analyses  of  alkali  lake 
waters,    vi,    H6;    dQtermination    of 
water  and  carbonic  acid  in  natural 
and  artificial  salts,  yii,  468 ;  on  urao, 
viii.  59. 
Chemical  combination,  heat  of,  ii,  73. 
integration.  Hunt,  iv,  116. 
literature,  indexing  of.  v,  76. 
Chemical  Works  noticed— 

Analytical  Chemistry,  Muter,  v,  261. 
Analysis  of  Iron,  Blair,  vi,  387. 
Chemistry,   Commercial   Organic  an- 
alysis, A.  H.  Allen,  viii,  490. 
Dictionary  of  Applied,  ix,  519. 
Elementary,  Fisher,  vii,  75. 

Mixter,  vii,  409. 
Inorganic,  Richter,  v,  251. 
Modem  Theories  of,   Meyer,  vi, 
60. 

Text  Book  of  Organic,  Bemthaen, 
viii,  491. 

Treatise  ou,  Mulr,  viii,  410. 
Watts'  Dictionary  of,  now  edition, 
Morley  and  Muir,  viii,  409. 
Lecture  Notes,  Austen,  vii,  409. 
Organic  Analysis,  Prescott,  v,  336. 
Soaps  and  Candles,  Cameron,  vii,  242. 
Chemistry — 

Acid,    selenous,    constitution,    Mich- 

aeljs  and   Landmann,  v,  76;    uric, 

synthesis  of,  Behrend  and  Rooscn. 

viii,  160. 

Acids,    constitution    of   the    thionic, 

Berthelot,  viii,  .327 ;  silicic,  Becker, 

viii,  154. 

Alcohol,  magnetic  rotation  of,  ii,  477. 

Alumina,  phosphort-scence  of,  iii,  303, 

304. 
Aluminum  acetyl-acetonate,  vii,  495. 
in  ashes  of  flowering  plants,   iv, 
482. 

chloride,  vapor  density,    Friedel 
and  Crafts,  vi,  465:  ix,  313. 

precipitation  and  separation,  Pen- 
field  and  Harper,  ii,  107. 
Ammonia,    emission-spectrum,    Mag- 

nanini,  ix,  518. 
Anhydrite,  formation  of,  ii,  233. 
Antimonous  sulphide,  thermo-chemis- 

iry,  iv,  65. 
Apantlesis,  Mallet,  v,  249. 
Arsenic,  determination,  Carmichael,  ii, 
129. 

acid,  reduction,  Gooch  and  Brown- 
ing, xl,  66. 
Austrium,  new  element,  ii,  405. 


Chemistry— 

Bacterium   aceti,   chemical  action,   i, 
472 :  iv,  484. 

Barium  cobaltite.  Rousseau,  ix,  232. 

Beryllium,  chemical  character,  Kniss 
and  Moraht,  xl.  86. 

Bismuth,  new  color  reaction  for.  iv, 
66;  valence  of,  iii,  421. 

Boric  acid,  determination  of,  iv,  222. 

Bromine,  determination  of,  Gooch  and 
Ensign,  xl,  145. 

Cadaverine.  indentity  of,  with  penta- 
methylenediamine,  ii.  479. 

Cadmium,  atomic  weight,   Partridge, 
xl,  377. 

Calcium  and  copper,  double  acetate, 
Rudorff,  V,  411. 

Calcium  sulphate  formation,  ii,  233. 

Capillary  glass  tubes,  use  in  distilla- 
tion, vii,  222. 

Carbon,  absorption  of  gases  by,   iii, 
421. 

atom  and  valence,  V.  Meyer  and 
Riecko,  vi,  386. 

heat  of  combustion,  Berthelot  and 
Petit,  viii,  324. 

dioxide,  in  air,  apparatus  for  esti- 
mation of,  iv,  396 ;  detection  of 
minute  traces  of,  iv,  481  ;  in  freez- 
ing mixtures,  Cailletet  and  Colar- 
deau,  vi,  465;  refractive  index  of, 
iii,  151. 

di.sulphide,  decomposition  of,  by 
shock,  Thorpe,  ix,  65. 

monoxide,  action  on  metallic 
nickel,  xl,  4l8;  combustion  of,  i, 
392;  and  oxygen,  combustion  of,  ii, 
159;  and  water  vapor,  action  of,  i, 
151. 

Cellulose,  colloidal,  Guignet,  viii,  408. 

Cerebrose,    ideutity    with    galactose. 
Theirfelder.  ix,  316. 

Chemical  reactions  by  means  of  elec- 
trometer, Bonty.  iv,  480. 

Chloride,   stannous,  boiling  point  of, 
Bilitz  and  Meyer,  v,  410. 

Chlorides   of  compound  ammoniums 
Le  Bel,  xl,  250. 
heat  of  formation  of,  ii,  319. 

Chlorine,  determination   in   mixtures 
of  alkaline  chlorides   and   iodides, 
Gooch  and  Mar,  ix,  293. 
gas,  generation  of,  iii,  419. 
monoxide,  i,  57. 

iti  oxygen  from  potassium  chlor- 
ate, V,  335 

water,  action  of  light  on,  Pedler, 
xl,  492. 

Chromium,  atomic  mass  Rawson,  viii, 
74. 
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Ohkmistrt— 

Chromium-  diloride,  yapor  dmuAtff  vii, 
73. 

Chydiazaine,  or  protoxide  of  ammonia, 
▼ii,  407. 

Ck»1,  heat  of  oombustion,  Sdieurer- 
Kestner,  vi,  466. 

Ckxaiine  and  its  homologuea,  syniheeiB, 
i,  153. 

Colloids,  estimation  of  moleoular  mass, 
Saban^ff,  xl,  87. 

Conine,  synthMis  of,  i,  471 :  ii,  479. 

Copper,  higher  oxides,  Osi)onie,  ii, 
333. 

Cjiinogen,  combination  of,  ii,  160;  re- 
fhiotive  index  of,  iii,  161. 

Decompotttion  by  pressure.  Spring,  ▼, 
493. 

Dextrose,  oonstitotion,  Skraup,  Ix,  233. 

Diamide  hydrate,  Curtius  and  Jay,  vii, 
493. 

Diamide  (Hydrazine),  iv.  226. 

Dysprasium,  new  element,  ii,  406. 

EarUi  Ta  and  mosandria,  ii,  76. 

Earths,  alkali-,  and  their  hydrates,  be- 
havior to  carbon  dioxide,  ii,  478; 
spectroscopic  discrimination  of  rare, 
Crookes,  viii,  486. 

Elements,  genesis  of,  Crookes,  ii,  400. 
new,  ii.  406,  406. 
and  meta-elements,  Crookes,  yi,  63. 

Equilibrium  between  electrolytes,  Ar- 
rhcnius,  xl,  1G4. 

Kthyl  fluoride,  vii,  408. 

Ethylene,  point  of  solidification,  Olow- 
ski.  viii,  326. 

Fatty  acids,  etc.,  with  water,  magnetic 
rotation  of.  ii,  477. 

Ferric  chloride,  vapor  density,  Meyer, 
y,  494;  Friedel  and  Crafts,  vii,'73. 

Ferrous  oxide,  determination  in  sili- 
cates, iv,  1 13. 

Fluorine,  action  on  carbon,  Moissan, 
xl,  493 ;  color  and  spectrum,  Mois- 
san, xl,  87  ;  density,  ix,  397  ;  produc- 
tion of,  iii,  236 ;  properties  of,  Mois- 
san, V,  249. 

Formic  aldehyde,  synthesis  of,  Jahn, 
viii.  159. 

Fulminating  silver  of  Berthollet.  ii.  232. 

Fusing  points,  determination,  ii,  476. 

Gadolinium,  new  element,  ii,  406. 

Gallium  chloride,  vapor  density,  vii, 
73,  74. 

Germanium,  new  element,  i,  308;  in 
cuxeuite,  Krllss,  v,  410;  properties 
and  constants  of,  iii,  68. 

Gnomiuin,  new  element,  Miiller,  viii, 
75. 

Gold,  atomic  mass,  Mallet,  ix,  399. 


GHSMIBnT-^ 

Halogen  hydrides,  dooompodticiL  of, 
RldiardsoD,  y,  78. 

Hesperidin,  and  Naringin,  sogir 
yielded  by,  iy,  66. 

Holmium,  new  cdement,  ii,  406. 

Hydrated  salts,  Tapor-preesure  of^  iS, 
148. 

Hydrazine,  preparation  from  aldehyde- 
ammonia,  Curtius  and  Jay,  xl,  88. 

Hydrooarfoons  of  marsh-gas  series, 
physieal  properties,  i,  471;  polj- 
merixaUon,  11,  76. 

Hydrocfalorio  addiiareparatiiMiof  pore, 
11,480. 

Hydrofluoric  add,  Yapor-deDi^, 
Thorpe  and  Hambly,  yU  386. 

Hydrogen,  eombustlon  ot  i,  392. 
arsenide  and  hydrogen  antimea- 
ide,  Brunn,  ix,  398. 

chloride,  decomposition  of,  Ann- 
strong,  V,  74. 

fluoride,  etc,  solidifioatioo  of,  fii 
149;  vapor  density,  Thorpe  and 
Hambly,  viii,  167. 

peroxide,  action  on  chromic  add, 
Berthelot,  riii,  74;  from  ether. 
Dunstan  and  I^mond,  xl,  417 

sulphide,  action  on  araeoic  acid, 
Branner  and  Tomioek,  vi,  63. 

Indium  chloride,  vapor  density,  vii,  73: 
two  new  chlorides  of,  vii,  73. 

Iodine,  bromine  and  chlorine,  method 
for  detection  of,  Grooch  and  Brooks. 
3d,  283 ;  in  haloid  salts,  Goodi  and 
Browning,  ix,  1 88 ;  phosphorus,  and 
sulphur,  molecular  mass  in  solulioo, 
Bockmann,  xl,  164. 

Isomerism,  geometrical,  vii  494. 

Juglon,  synthesis  of,  iv,  152. 

Liquids,  volatile,  heat  of  vaporintion. 
vii,  226. 

Lupanine,  i,  58. 

Magrnesium  carbonate,  new,  i,  57. 

Magnesium  and  zinc.  Him.  v,  414. 

Mercury,  vapor  pressure  of,  i,  21?: 
volatility  of,  i,  308. 

Metallic  oxides,  duorescence  of,  iii,  U9. 

Metals,  lowering  of  freezing  point 
Heycock  and  Neville,  ix,  230. 

Methane,  density  of  liquid,  iv,  224. 

Molecular  mass,  determination  by  va- 
por pressure,  vii,  221 ;  of  dissolved 
substances,  Will  and  Bredig,  viiL 
325. 

weights,  determination  by  freei- 
ing-point,  ii,  476 ;  method  for  deter- 
mining, Raoult,  vi,  384. 

Molecules,  size  of,  v.  492. 

Nickel  and  cobalt,  new  metal  in.  vii,3l3. 
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Cheuistby — 

Nitrates  in  plants,  ii,  75. 

Nitrogen,  atmospheric,  fixation  of  by 
soils,  i,  391. 

density  of  liquid,  iv,  224. 
dioxide,   preparing,  i,   151 ;    and 
tetroxide,  density  of,  at  —100**,  iv, 
395. 

peroxide,  molecular  weight,  Ram- 
say, vi,  1^0. 

in  uraninite.  Hillebrand.  xl,  384. 

Nitrofyl  chloride,  emission-spectrum, 
Magnanini,  ix,  518. 

Nitryl  chloride,  existence  of,  i,  469. 

Oil,  paraffin,  alkaloid-like  bases  in,  iv, 
398. 

Organic  compounds,  absorption  spec- 
tra and  composition,  vii.  233. 

Osmium,  atomic  mass,  vii,  74. 

Oxygen  carriers,  Lothar  Meyer,  v,  250 : 
percentage  of,  in  air,  Hempel,  v,  76. 
continuous  production  of,  i,  39!  : 
density  of  liquid,  iv,  224 ;  dissolved 
in  water,  Thresh,  ix,  398 ;  evolution 
of.  iv,  226;  spectrum,  Janssen,  vi, 
385;  valence,  Heye8,vi,385;  oxygen, 
and  nitrogen,  combination  in  gaseous 
explosions,  vii,  225 ;  oxygen,  nitro- 
gen and  hydrogen,  compressibility, 
vii.  225. 

Ozone,  boiling  point,  iv,  63,  viii,  326; 
production  of,  from  oxygen,  iv,  394 ; 
'  ozone  and  formation  of  nitrates  in 
combustion,  Ilosvay.  xl,  251. 

Periodic  law,  Mendel^ff,  ix,  147. 

Permanganates,  ammonico-cobaltic,  iv, 
482. 

Phenol  constituents  of  blast  furnace 
tar,  i,  220. 

Phenylthiocarbamide,  use  in  optical 
work,  Madan,  vi,  388. 

Phosphoric  chloride,  iii,  422. 

Phosphorus,  action  of  light  on,  Ped- 
ler.  xl,  492 ;  phosphorus,  arsenic  and 
antimony  at  white  heat,  iv,  396 ; 
phosphorus  iu  Iron  Mt.,  Michigan. 
Browne,  vii,  299. 
pentafluoride.  iii,  ^J05. 
tetroxide,  iii.  306 

Piatinic  fluoride,  preparation,  Moissan, 
ix,  315. 

Potassium  chlorate,  decomposition,  iii, 
508. 

chloride,  decomposition  by  heat, 
McLeod,  viii,  158. 
hydroxide,  new  hydrates  of,  iv,  64. 
and    sodium,   combination    with 
ammonia,  Joannis,  ix,  315. 

wave-length  oi*  red  lines  of,  Dos- 
landres,  v,  413;  vi,  407. 
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Chemistrt — 

Raffinose  in  barley,  i,  220. 

Raoult's  molecular  depression  of  the 
freezmg  point,  vii,  406. 

Regnault's  weights  of  gases,  correc- 
tion of,  vii,  495. 

Scale,  analysis  of  crystalline,  ii,  318. 

Selenic  acid,  Cameron  and  Macallan, 
xl.  494. 

Selenium  chlorides,  Chabrie,  ix,  231. 

Seminose  and  mannose,  identity  of, 
Fischer  and  Ilirschberger,  viii,  159. 

Silicates,  natural,  constitution  of,  Clark 
and  Schneider,  xl,  303,  406,  462. 

Silicium  phosphate,  hydrated,  iii,  306. 

Silicon,  atomic  weight  of,  iv,  397 ;  in- 
fluence on  properties  of  iron  and 
steel,  iii,  509. 

Silico-carbonate,  artificial,  iii,  80. 

Silver,  allotropic  forms  of,  Lea,  vii, 
476;  viii,  47,  129,  237,  241,  476. 

chloride,  bromide,  iodide,  Lea,  iu, 
349;  protosalts  of.  Lea,  iii,  480, 
489  ;  chloride,  combinations  of.  Lea, 
iv,  384;  silver  chloride,  darkened, 
not  an  oxy-chloride.  Lea,  viii,  366. 
nitrate,  heat  produced  by  reaction 
on  solutions  of  metallic  chlorides,  ii, 
319. 

silicate,  formation,   Hawkins,  ix, 
311. 

Sodium  carbonate,  conversion  into 
hydrate  by  lime,  i,  219;  made  by 
electrolysis,  ix,  232. 

Solids,  chemical  action  between,  Hal- 
lock,  vii,  402. 

Solubility  and  fusibility,  Carnelley  and 
Thomson,  vi,  383. 

Solution,  characi-er  of,  iv,  483. 

Solutions,  concentration  of,  by  gravity, 
Gouy  and  Chaperon,  v.  75 ;  nature 
of,  Pickering,  ix,  397,  xl,  163. 

Stalagmometer,  Traube,  v,  248. 

Stannic  acid,  new,  vii,  408. 

Sugar  yielded  by  hesperidin  and  nar- 
ingin,  iv,  65. 

Sulphur,  phosphorus,  bromine  and 
iodine  in  solution,  molecular  mass, 
vii.  74. 

volatility  of,  i,  308. 

Sulphuric  acid,  with  water,  magnetic 
rotation  of,  ii,  477;  vapor  tension, 
Perkins,  xl,  301. 

Sulphurous  oxide,  evolution  of,  iv,  225. 

Synthesis  of  the  glucoses  and  raannite, 
vii,  493. 

Tartrate  solutions,  circular  polariza- 
tion of,  Long,  viii,  264 ;  xl,  275. 

Tellurium,  antimony  and  copper,  new 
element  in,  Grunwald,  xl,  250. 
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Chemistry — 

Tellurium,  heat  of  combination  of,  iv, 

482. 
tetrachloride,  vapor-density  and 

valence  of,  iv,  226. 
Thermo  -  chemistry,     new     law     of, 

Becker,  i,  120. 
Thiophosphoryl  fluoride,  vii,  222. 
Tin,  atomic  mass,  vii,  314. 
Tungsten,  crystallized,  Riddle,  viii,160. 
Valence,  experiment  to  illustrate,  Lep- 

sius,  vi,  62. 
Vanadium,  determination  of,  i,  471. 
Vapor-density,   below   boiling  point, 

Demuth  and  Meyer,  iz,  312. 
Vapor-density  method,  Schall,  xl,  415. 
Water  and  carbonic  acid  in  salts,  de* 

termination  of,  Chatard,  vii,  468; 

composition  of,  vii,  492. 
Water,  integral  weight  of.  Hunt,  v, 

111. 
Water  of  crystallization,  ii,  231. 
Xylose  or  wood-sugar,  Wheeler  and 

Tollens,  ix,  315. 
Zinc  and  sulphuric  acid,  interaction 

of,  V,  335 ;  atomic  weight,  Reynolds 

and  Ramsay,  v,  260. 

Zirconium,  new  oxide  of,  i,  470. 

Chester,  A.  H.,  Catalogue  of  minerals,  ii, 

325;     mineralogical    notes,    iii,    284; 

crocidolite,  Cumberland,  R.  I.,  iv,  108. 
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passage  of  through  gases,  Shuster,        Thurston,  xl.  262. 
viii.  492.  i         non-condensing  steam,  Nipher,  riii, 

Practical,  Ayrton,  iv,  152.  281. 

ratio  of  electromagnetic  to  electro- '  Ensign,  J.  R.,  determination  of  bromine, 
static   unit   of,   Rowland,    Hall,   and       xl,  145. 

Fletcher,  viii,  289;  Rosa,  viii.  298.         Entomology  for  Beginners,  Packard,  Fi, 
sewage  purification  by.  viii,  492.  297. 

transmission  of.  iii.  307.  I  Ericsson,  J.,  moon's  surface,  il  326. 

of  power  by,  Deprez.  viii,  411.    Etheridge,  R.,  Jr.,  Blastoidea  in  British 
Electrodynaraic   waves.    Hertz's   experi-  i      Museum,  ii,  409. 

ments  on,  vii,  227,  316,  409.  Ethnology,  6th  annual  Report  of  Bureau 

Electrolysis     by    alternating    currents,  \      of,  viii,  420. 

Manouvrior   and   Chappuis,  vi,    152;    Evolution,   cross-infertility   in.    Gulick, 
of  water,  von  Helmholtz,  vi.  293.  xl.  437;  utilitarianism  in  relation  to. 

Electrolytes,  rosistunce  of,  vii,  228.  Gulick,  xl,  1 ;  divergent,  and  the  Dar- 

Electroniagiietic      waves,     interference,        winian  theory,  <iulick,  ix,  21. 

FitzgeraM.  vi,  r>87.  of  the  Arietidre,  llyait,  ix,  243. 

Electrometer,  absolute,  ii,  72  Exhibition  of  ioaplements  against  crypto- 

aperiodic,  iii.  307.  gams  ami  parasites,  i,  160. 

calibration  of.  Slioa,  v.  204;  capil-    Expansion,  determination  of  the  coefE- 
lary,  Pratt,  v.  1 13.  cicut  of  cubic<il.  Mayer,  xl,  323. 

peudulum,  experiments  wiih,  Mayer,    Exposition  Universell.*.   Paris,  xl,  96. 
ix.  327.  Kyerman,  .1..  Triassic  foot-prmts.  i.  T2; 

spring-balance,  Mayer,  ix.  51:5.  Mineralogy  of  Pennsylvania,  vii,  501; 

Rlectromotivo  force  of  voltaic  are,   iii.        Determinative  Mineralogv.  xl,  92. 

forces,  direct  and  counter,  Carbart,  r 

i,  95.  Farlow,  W.  G.,  botanical  notices,  i,  479: 

divergence  from  thermo-chemi-  iv.  7.5.  495;    viii,  168.  41G. 

cal  (lata.  vii.  315.  Index  of  the  Fuui^i  of  U.  S..  vii.  79. 

Electrostatie  l)iittery,  i.  15:{.  Fauna,  see  Zoolofpj. 

au«l  eleiaroinagnetic  units,  iii.  152  Feistm^utcl,  t'oal  and  Plant  bearing  bed:? 

Klizal)eih  Thompson  .*>eieneo  Fund   viii,  of  l^].  Australia,  xl.  495. 

171.  Fernando  de  Xoronha,  Geology  ot  rii, 

Kmerson.  H.  Iv.,  "  Beruardston  .series"  of  145,  178;   ix,  247. 

metamorpliic    Upper  Devonian   rocks,  Ferrel,  \V  .  law  of  thermal  radiation,  viii, 

xl,  2r,:i.  -MVl.  3;     TreatisL'    on     Winds,     viii.    42ii; 

Emerson,  ,J.  S.,   Kilauea  Jifter  eruption,  Weber's  law  of  thermal  radiation,  ix. 

iysr>.  iii.  87.  137. 

Emmons.  K..  at  Williams  College,  i,  390  ;  Fewkes.    J.    W.,    new     Rhizostomatou? 

work    on    Taeonie,   i,    241;    views   of  Nfedusa,    iii,    119;   deep-sea    Medusa-. 

Taconic  system,  iii.  412.  v.  160. 

Emmons.    S.    F.,    (ieoloc^y    jiud    Miuin.i^  Fisher,  !).,  meteorite  from  St.  Croix  C«3., 

Industry  of  Leadville,  Col,  v.  84.  Wis.,  iv,  381. 
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W.,  Elementary  Chemistry, 

id  Fishing  Industries  of  U. 
,  viii,  169. 

live,  as  a  means  of  research, 
rii,  257. 

B.,  ratio  of  electromagnetic 
static  unit  of  electricity,  viii, 

History  of  Meteorites,  v,  87. 
U)iany. 

plorations  in,  Heilprin,  iv, 
logy  of,  Ball,  iv,  161  ;  State 
port.  Kost,  iv,  72;  Miocene, 
viii,  3*J2;  Mammalian  re- 
aidy,  ix,  321;  structure  of, 
vi,  230. 
e,  Boisbaudran,  ii,  481 ;  Wal- 

■ 

^Jhemische  Krystallographie, 

F.,  Cambrian  from  Nahant, 
71. 
'.  M.,  Potomac  Flora,  ix,  520 ; 

H.,    Fossil   Cephalopoda   in 
us ,  Pt.  I,  vii,  413. 
L.,  diseases  of  insects,  ii,  81. 
lurement  of,  by  gravitation. 

jtromotive,*  measurement  of, 

r.,    fossils   from   Taconic  of 

i,  248;  Silurian  Brachiopod, 
1;  Billingsia,  ii,  325;  age  of 
Paradoxides  beds,  ii,  473. 
le  glaciers,  ii,  77  ;  xl,  497. 

M.,  preglacial   drainage   of 
Pennsylvania,  xl,  397. 
Geology. 
\  S.,  destruction  of  passivity 

nitric  acid  by  magnetization, 
electromotive  force  of  mag- 
I,  V,  290 ;   direction  and  vc- 

electric  current,  vii,  1 03 ; 
botomelric  comparison  of 
I  artificial  illumination,  viii. 

Congress   of   Geologists,    i, 

481. 

,  Fauna  der  Gaskohlo,  etc., 

Rutley,  vii,  414. 

0 

I.,  mineral  localities  in  Litch- 
n.,  iv,  400. 

er,  new  form  of,  iii,  70. 
mode  of  reading,   Will  son, 


Ganong.  W.  F.,  economic  Mollusca  of 
New  Brunswick,  ix,  163. 

Oarman,  S.,  living  Cladodont  shark,  i, 
73. 

Garrison,  F.  L.,  Assayer's  Manual,  viii, 
171. 

Gas  Analysis,  Hand-book,  Winkler,  i, 
153. 

battery,  improved  form,  Mond  and 
Langer,  xl,  417. 

moisture  in,  after  drying  by  phos- 
phorus pentoxide,  Morley,  iv,  199. 

natural,  v,  258;  rock  pressure  on, 
in  Ohio.  Orton,  ix,  225. 

volumes,  determination  of,  Lunge, 
ix,  396. 

Gases,  critical  temperatures  and  pres- 
sures of,  i,  389;  explosion  of,  v,  413; 
law  of  tiow,  i,  468;  passage  of  elec- 
tricity through,  Shuster.  viii,  492; 
Regn^ault's  weight  of  corrected,  vii, 
495;  viscosity  of,  at  high  tempera- 
lui-es,  Barus,  v,  407,  vii,  316. 

Gattinger,  A.,  Tennessee  flora,  iii,  426. 

Gee,  W.  W.  H.,  Elementary  Practical 
Physics,  vol.  ii,  v,  79;  Practical  Phys- 
ics, V,  336. 

Geikie,  A.,  Class-book  of  Geology,  ii, 
79 ;  Teachings  of  Geography,  iv,  490 ; 
volcanic  action,  Tertiary,  in  British 
Isles,  vii,  230. 

Gems  and  Precious  stones  of  North 
America,  Kunz,  ix,  521. 

Genealogical  tree  in  paleontology,  Judd, 
vi,  154. 

Genth,  F.  A.,  contributions  to  Miner- 
alogy, i,  229;  iv,  169;  viii.  198;  ix, 
47;  No.  48,  xl,  114;  No.  49,  xl,  199; 
jarosito  from  Utah,  ix.  73  ;  lansfordite, 
nesquehonite,  ix,  121. 

Geodesy,  Bibliography  of,  Gore,  ix,  80. 

Geographic  Magazine,  National,  No.  1, 
vii,  242. 

Geography,  Teachings  of,  Geikie,  iv, 
490. 

Geological  Annual,  Ag^ncourt,  iii,  159; 
V,  415. 

Congress,  international,  Frazer's 
report,  i,  154,  403,  481;  iii,  157,  511 ; 
Gdbert  on  work  of,  iv,  430;  at  Lon- 
don, vi,  79,  389;  American  Report  to, 
vi,  469,  476a;  American  Organizing 
Committee  for  the  Philadelphia  meet- 
ing, vi,  468 ;  Amer.  Committee,  vii, 
499;  do.  at  New  York,  xl,  166. 

evidences  of  Evolution,  Heilprin,  v, 
256. 
fund,  Uayden  memorial,  vi,  79. 
map  of  United  States,  iii,   77;   of 
Berkshire,  iii,  393. 
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Geological  papers   at  American   Asso- 
ciation, notices  of,  Davis,  ii,  319. 

Railway  guide  for  America,  Macfar- 
lane,  xl,  342. 

Record  for,  1879,  v,  416;  1880- 
1884,  ix,  324. 

Reports,  see  below. 

and  Scientific  Bulletin,  vi,  154. 

Society,  American,  vi,  294;  vii, 
162,  503;  viii,  328;  ix,  158,  402:  xl, 
91,  332.  I 

of  France,  vii,  503.  j 

London,  medals  of,  vi,  79;  pre- 
sidential address,  Blanford,  xl, 
254;  medals,  i,  408. 

time,   Darwin,   ii,   390;  Nomenda- 1 
ture,  ii,  406. 
Geological  Reports  and  Surveys — 
Alabama,  iii,  78.  1 

Antigua,  i,  226. 
Arkansas,   1887,  v,    255,  264;  1888, 

vii,  411;   1888,  vol.  ii,  viii,  413. 
Canada,  1885,  iii,  316;    1887-88,  ix, 

238. 
China,  i,  71. 
Florida,  iv,  72. 
India,  ii,  78. 
Kentucky,  vii,  232. 
Minnesota,  1885,  iii,  159:  1886,  v,  84: 

1887,  V,  600;  vu,  231,  497;  1888, 

ix,  67. 
MiHSOuri,  ix,  72,  520. 
Nebraska,  ii,  321. 
New  Jersey,   1885,  iii,  79;    1886,  iv, 

71;   1887,  vi,  71;   final  report,  vol. 

i,  Cook,  vii,  232. 
New    York,   i,   311;   v,   85,  499;  ix, 

155. 
Ohio,  ii.  241  ;   Kconomic  Geology,  vol. 

vi.  vi,  G8. 
Pennsvlvania,  i,  70,  227;   ii,  162,408; 

v,  85,  415;   vi,  153. 
Portugal,  vi,  154. 
Rhode  Island,  v,  415. 
Scandiimvia.  map  of,  ix,  521. 
South  ('arolina,  i,  73. 
Swedish,  i,  71. 
United  States,  i,  229,  310,  401  ;  maps 

by,  ii,  77;  vol.  vi,  iv,  412;  vol.  vii, 

vii,   502 :   Bull(^tins,  Nos.  45-53,  ix, 

72;   vol.  viii,  xl,  90,  334. 
Virginias,  i,  \Xi. 
Washington  and  vicinity,  i,  473. 
Western  Texas,  iii,  73. 
0  EOLOfJY — 

ApTiotozoic,  Chamberlain,  v,  254. 
Alkali-lake  waters,  ('hatard.  vi.  146. 
Alps,  Swiss,   geological  history  of,  v, 

80. 
Ammonite,  new,  from  Alpine  Rhrotic, 

V,  118. 


Geology — 

Animikie  and  Yennillion  series,  no- 
oonformabilitj  between,  Winchell, 
iv,  314. 
Anticlinals,  recent,  11,  324. 
Antlitz  der  Krde,  vol.  ii,  Sues?,  vi,  72. 
Appomattox  Formation,  Mc6ee,xl,  15. 
Arachnidan,  Carboniferous,  i,  310. 
Archaean,  areas  of  New  Jersey  aod 
New  York,  Britten,  vi,  71. 

axes  of  eastern  N.  America,  Dana, 
ix,  378. 

of  Minnesota,   vii,   231,  497;  of 
Norway,  vii,  498. 

Penokee-Gogebic  series  of,  Yaa 
Rise,  i,  453. 
plant,  Britton,  vi,  71. 
rocks,  metamorphism  of,  Irving, 
viii,  493. 

Minnesota,  Winchell,  ix,  67. 
Norfolk,  Ct.,  Cornish,  ix,  321. 
Archeocyathus  of   Billings,    Walcott 

iv,  145;  vii,  234. 
Arthrolycosa    antiqua    of   Harger, 

Beecher,  viii,  219;  ix,  166. 
Atlantic  basin,  age  of,  Hull,  ii,  407. 
Atlantic  slope,  middle,    three  forma- 
tions of,  McGee,v,  120,  328,367.448. 
Bermuda  Islands,  Heilprin,  viii,  418. 
Billingsia,  Ford,  ii,  325. 
Bilobitesde  Portugal,  Delgado,  vi,  154. 
Black  Hills,  Dak..  Crosby,  vi.  153. 
Blastoidea  in  British  Museum,  II  409. 
Blastoids,  Crinoids  and  Cystids,  Wacbs- 

muth  and  Springer,  iv,  232. 
Brachiospongidaj,  Beecher,  vii,  316. 
Brontops  robustus,  restoration.  Marsh, 

vii,  163. 
Building  Stone  in  N.  Y.,  Smock,  v,  500, 
stones,   decay  of,  ii,  243;    dura- 
bility, ii,  319. 
Caleiferous   formation   in    the  Cham- 
plain  Vallev,  Brainerd  and  Seelv,ii. 
235. 

fossils   near   Rhinebeck,    N.  Y., 
Dwight,  viii,  150. 
California,  northern,  iii,  152. 
Cambrian,  Bristol   Co.,  Mass.,  Shaler, 
viii,  76. 

fossils  from  Stissing,  N.  T., 
Dwight,  viii.  139;  from  Nahant 
Mass.,  FaTste,  ix,  71. 

fossils,  Walcott,  vi,  IGl :  ix,  lo9- 
of  N.  America.  Walcott,  ii,  138. 
in  New  York.  ii.  322. 
Olenellus  fauna  in,  Walcott  vii, 
375:  viii,  29. 

of  Province  of  Quebec,  Ells,  Wal- 
cott, ix,  101. 

in  Salt  Range,  India,  Warth.  ii. 
159. 
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Geology — 

Cambrian  tracks  in  the  ADimikie,  beds, 
SelwjQ,  Matthew,  ix,  145. 

trilobites  from  Sardinia,  Mene- 
ghini,  vi.  294. 

and  Silurian  ;  Sedgwick  and  Mur- 
chison.  J.  D.  Dana,  ix,  167,  237. 
Cape  Uom  geology,  Belemnites,  v,  83. 
Carbonic  and  other  gaseous  emana- 
tions at  Death  Gulch,  Weed,  ix,  320. 
Carboniferous    echinoderms,    Keyes, 
viii.  186. 

corals,  iv,  490. 

flora  and  fauna,  R.  I.,  recent  dis- 
coveries in,  Lesquereuz,  Packard, 
vii.  229,  411. 

formation  in  S.  E.  England,  Boyd- 
Dawkins,  ix,  401. 

limestone,  etc.,  in  British  Colum- 
bia, ix.  238. 

Lower,  of  Appalachian  area, 
Penn.  and  Virginias,  Stevenson,  iv, 
37. 

plants.  Tnbicaulis  of  Cotta,  Sten- 
zel,  viii,  164. 

series  in  central  Texas,  Tarr,  ix, 
404. 
trilobites,  Vogdes,  v,  500. 
Cephalopoda,  Fossil,  Brit.  Mus.,  Pt.  I. 

Foord,  vii,  413. 
Ceratopsidse,  additional  characters  of, 
Marsh,   ix,   418;    skull  of,    Marsh, 
viii,  501. 
Ceratops  montanus,  Marsh,  vi,  477. 
Cervus  Americanu.«»,  i,  72. 
Chert-beds,  organic  origin  of,   Hinde, 

iv,  405 ;  xl,  266. 
Chesapeake  Bay,  topography,  ii,  32.3. 
Clay-beds  on  the  Hudson,  ii,  241. 
Clay,  blue,  from  Maine,  Robinson,  iv. 

407. 
Coal,  of  Rio  Grande  region,  age  of. 

White,  iii,  18. 
Cobscook  Bay,  Shaler,  ii,  35. 
Cockroaches,  fossil,  Scudder,  vii.  235. 
Colorado,  southwestern,  ii,  320. 
Conglomerates,  origin  of,  ii,  324. 
Coral  reefs,  elevated,  of  Oahu.  vii,  100 ; 
Darwin's   theory,  vii,    102;   forma- 
tion  of.    Guppy.    iv.    229;   of    Ha- 
waiian Islands,  Agassiz,  viii,  169. 
Corals  and  Bryozoa,  Hall,  v,  85. 
Cortlandt  series,  Wilhams,  v,  438;  vi, 

254;  extension  of,  Kemp,  vi,  247. 
Coteau,  Missouri,  i,  69. 
Cretaceous  of  British  Columbia,  Daw- 
son, ix,  180. 

in  northwestern  Canada,  i,  155. 
Dioosauria,  Marsh,  vi,  477  :  viii, 
173;   ix,  81,  418. 
flora,  Newberry,  ii,  77,  322 

3 


Geology — 
Cretaceous  fossils,  Brazil,   White,  v, 
255. 

history,   North    American,    Hill, 
vii,  282. 

Kansas,  bird  track  from,  ix,  166. 
on  Long  Island,  ii,  324. 
Lower,  of   New  Mexico,  White, 
ix,  70. 

of    southwest   N.   America, 
White,  viii,  440. 
Mammalia,  discovery  of.  Marsh, 
Pt.  I,  81  ;  Pt.  II,  viu,  177. 
Manitoba,  Tyrrell,  xl,  227. 
metamorphic  rocks  of  California, 
i,  348. 

Middle,  method  of  grouping,  Eld- 
ridge,  viii,  313. 

northern    California,    Diller,   xl, 
476. 

plants  from  Martha's  Vineyard,  D. 
White,  ix,  93. 

rocks  of  N.  W.  Canada,  Dawson, 
viii,  120. 

Roemer's  Fauna  der  Kreide  von 
Texas,  vii,  318. 

of  South   America,   north    part, 
Earsten,  ix,  319. 

Texas  section  of,  Hill,  iv,  287. 
of    Texas,    invertebrate    fossils. 
Hill,  ix,  521. 

Upper  of  eastern  and  southern  U. 
S.,  Hill,  viii,  468. 

and  Tertiary,  Brazil,  Branner,  vii, 
412. 

in  Arkansas  and  Texas,  Hill 
and  Penrose,  viii,  468. 
Cross- timbers,  Texas,  geology  of.  Hill, 

iii,  291. 
Deposits   of   vertebrates,    making,   i, 

398. 
DesmoHtyius,  Marsh,  v,  95. 
Devonian,  barnacle,  viii,  79. 

Bernardston     Series    of     rocks, 
Emerson,  xl,  263,  362. 

Canada,  Fossil  Fishes  of,   Whit- 
eaves,  viii,  249. 

Cayuga    Lake,    New    York,    ii, 
321. 

Connecticut  Vally,  ii,  324. 
faunas  of  New  York,  i,  404. 
plant,  now,  Dawson,  viii,  1,  80. 
plants,  Ohio,  Newberry,  ix,  71. 
problematic  organism,  Knowlton, 
vii,  202. 

system,  N.  America,  v,  1 ;  of  De- 
vonshire, H.  S.  Williams,  ix,  31. 
Diatom  beds  and  bogs  of  the  Yellow- 
stone Park,  Weed,  ix,  321. 
Dinichthys  from  Ohio,  i,  406. 
Dinocerata,  new,  Scott,  i,  303. 
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Gboloqy — 

DiDosauria  of  Europe  and  America, 
comparison  of  principal  forms  of, 
Marsh,  vii,  323 ;  new  American, 
Marsh,  vii,  331;  ix.  81;  new, 
Potomac  formation,  Marsh,  v,  89. 

Dislocations  of  earth's  crust,  v,  600. 

Drainage  in  Central  Texas,  superim- 
poaition  of,  Tarr,  xl,  359. 

Drift,  Irish  Ksker,  Kinahan,  iii,  276. 
sands  in  Maine,  Stone,  i,  133. 

Dust  particles  in  atmosphere,  v,  413. 

Earth,  diatomaceous,  Nebraska,  v,  86. 

Elements  of  Geology,  GQmbel,  v,  341. 

Eozoonal  rock,  Manhattan  island, 
Gratacap,  iii,  374. 

Eozoon  Canadense,  Dawson,  vi,  390; 
G.  P.  Merrill,  vii,  189. 

Erosion  on  Hawaii  Is.,  vii,  91 ;  on 
Tahiti,  Dana,  ii,  247. 

Fauna  of  British  India,  Pt  I..  Mam- 
malia. Blanford,  vi,  297. 

Faunas  and  floras,  fossil,  White,  iii, 
364. 

Faune  der  Calcaire  d'Erbray,  Barrois, 
viii,  164. 

Faults,  normal,  origin,  Reade,  ix,  51: 
Southwest  Virginia.  Stevenson,  iii, 
262 ;  and  structure  of  Basin  Region, 
LeOonte.  viii,  257. 

Fernando  de  Noronhu,  Pt.  I,  Branner, 
vii,  145;  ix,  247;  Pt.  II,  Williams, 
vii,  178. 

Fishes.  Devonian  and  Carboniterous, 
ii,  322  :  Devonian,  Whi leaves,  viii, 
240. 

fopsil,  new,  Xewberry,  v,  498. 
Paleozoic,    of    N.    Amer.,    New- 
berry, xl,  255. 

JuraHsic.Fauna,  New  SouthWales, 
Woodward,  xl,  497. 
Triassio,  Xewberry,  vi,  78. 

Flexure,  in  rooks,  recent,  Cramer,  ix, 

Florida,  Dall.  iv,  161;  structure  of, 
Johnson,  vi.  2.^0. 

Formes  dii  Terrain,  de  la  Noe,  vi,  390. 

Fossils  in  crystalline  rocks  of  Nor- 
way, RcMScl).  vii,  235 ;  Littleton, 
N.  H.,  Piimi)elly,  v,  79;  Hitchcock. 
V,  255 ;  in  Mass.,  Dodge,  vi.  56, 
476. 

Fulgurites,  Mt.  Viso,  Rutloy,  vii,  414. 

Gas,  natural  in  Pennsylvania,  i,  309  ; 

Oas-wells    on    anticlinals,    While,    i, 

Geoloffie,  Hyades,  v,  vS3. 

des  Miinstcrthuls,  Schmidt,  v,  346. 
(Jeology,  vol,    ii.    Prestwich.   v,  414; 

and  Miniuu:  Industry,  l^adville,Col., 

Kmmons,  v,  84. 


Geoloot— 
Giimbers  Elements,  y,  341. 
Geyser  waters,  analyses,  Gooch  and 

Whitfield,  vii,  234. 
deposits,  formatioQ  of.  Weed,  m 

351,  501 ;  arsenic  in,  Hague,  iv.  471. 
Geysers,  soaping,  Hague,  viii.  254. 
Glaciers,   see  Quaternary  below  and 

glacicd,  glaciers. 
GonioHna   in   the   Texas  Cretaceou:;, 

Hill,  xl,  64. 
"Grand-Gulf"     formaUon    of     Gulf 

States,  Johnson,  viii,  213. 
Hallopoda,    distinctive  characters  of 

the  order,  Marsh,  ix,  4 1 5. 
Hawkesbury  beds,    Australia,   Feist- 
mantel,  xl,  496 ;  A.  S.  Woodward 

xl,  497. 
Hudson    River    channel,    submanoe. 

Dana,  xl,  432. 
Huronian  group,  Irving,  iv,  204,  249, 

365;  note  on,  C.  L.  Herrick,  iv,  72; 

origin  of  the  name,  Winchell,  iv,  71 ; 

original,  WinchelL  vii,  497. 
Insects,  earliest  wingeil,  L,  7 1 . 
Invertebrates,   Kocene  of  Miss.,  and 

Ala.,    Meyer,   iv,  169;  N.  A.  Jur- 
assic, iii,  79. 
Iron  ores  of  Michigan,  etc,  Van  Hise, 

vii,  32 ;    Browne,  vii,  299 ;    oripn 

of,  Irving,  255. 
Iron     sulphides,    decomp)09ition    of, 

Julien.  vi,  295. 
Iroquois  Beach  and  birth  of  Lake  On- 
tario, xl,  443. 
Keokuk  beds,  Iowa,  Gordon,  xl,  295. 
Koniuckina      and      related     genera. 

Beecher.  xl,  211. 
Lake  Agassiz,  upper  beaches  of.  Up- 

ham,  V,  86. 

age  in  Ohio,  iv,  490. 
Bonneville.  Gilbert,  i,  2n4. 
/  LamoUibranchiata,  Devonian,  Williams, 

ii,  192. 
Laramie  of  Canada,  flora  of.  ii.  242. 
group,  Flora  of.  Ward,  iv,  487. 
relation   to  earlier  and  later 

formations.  White,  v,  432. 
Lassen  Peak  district,  Diller,  xl.  91. 
Leptainisi'a,  new  brachiopod  from  the 

Lower  Heldorberg.  Beecher,  xl.  238. 
Limestone,  Tully,  ii,  320  ;  of  Cliatlwm, 

N.  Y.,  and  their  relation  to  Hudson 

11.  shales  and  Taconic,   Bishop,  ii. 

438. 
Lingula  with  cast  of  peduncle,  Wai- 

cott.  ix.  159. 
Long  Island,  iv.  153. 
Mammals,   fossil,  American  Jurassic, 

Marsh,  iii,  327. 
British  museum,  Lydekker,  v,  256. 
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Mammals,  White  River  formatioD,  v, 
85. 

new,  Marsh,  iv,  323. 
Mesozoic,  Oshom,  vi,  390. 
Triassic,  iv,  70. 
Manganese,  deposits  of,  Dunnington, 

vi,  175. 
Marls,   New  Jersev,  MoUusca  of,  ii, 

320,  324. 
Marmots,  geological  work  of,  iv,  405. 
Mastodon,  llama,  etc.,  from  Florida,  i, 
403 ;  with  fragments  of  charcoal  at 
Attica,  Wyoming  CJo.,   N.  Y.,   viii, 
249. 
Metamorphic  rocks  of  Alps,  fossils  in, 

V.  80 ;  S.  E.  New  York,  Merrill,  ix, 
383. 

Metamorphism  in  California  Cretace- 
ous, Becker,  i,  348 ;  ix.  68. 
contact,  near  Peekskill  Williams, 

VI,  254. 

facts  bearing  on,  Winchell,  vii, 
497 ;     Reusch,   vii,   498 ;    gradual 
variation  in  intensity,  v,  82. 
terms  applied  to,  Dana,  ii,  69. 

Molluscaof  New  Jersey  marls,  ii,  320, 
324. 

Mon  Louis  Island,  Langdou,  xl,  237. 

Mountain  making,  v,  338,  415;  post- 
Crelaceous,  Dana,  xl,  181. 

Mountain  hmestones,  Penn  ,  iii,  168. 

Mt.  Taylor  and  Zufii  Plateau,  iv,  155. 

Niagara,  recession  of,  ii,  322. 

North  American  Geology  and  Palaeon- 
tology, Miller,  viii,  328. 

Nummulites  up  the  Indus  valley  at  a 
height  of  19,000  ft.,  vii,  413. 

Obsidian  cliffs,  Iddings,  vii,  502. 

Olenellus  (?)  Kjerulfi.  Matthew,  i,  472. 

Oolite.  lowii  and  Penn..  xl,  246. 

Ore  deposits,  i,  474. 

Oregon,  surface  geology  of,  v,  475. 

Ostracoda  from  Colorado,  i,  404. 

Ovibos  cavifrons  from  Iowa,  McGee, 
iv,  217. 

Paradoxides,  Acadian,  Matthew,  iii, 
388,  390.'       ' 

beds  of  Swedish,  age  of,  Ford,  ii, 
473. 

Palceocrinoidea,  revision  of,  i,  311; 
iii,  154. 

Pala3ohattena  of  Credner,  and  the 
Proganosauria,  Baur,  vii,  310. 

Palaeolithic  Man  in  Northwest  Mid- 
dlesex, Brown,  v,  255. 

Palaeontology,  Contributions  to,  Ul- 
rich,  ii,  78;  Miller's  American,  ix, 
67;  New  York,  Uall,  v,  85.  499; 
work  on,  by  St4}inmann  and  Doder- 
lein,  ix,  240. 


Geology — 
Permian,    Kadaliosaurus    priscus    of 
Credner,   notice  of,  Baur,  ix,  156; 
of  Bohemia,  Fritsch,  notice  of,  by 
Dawson,  ix,  405. 
Petroleum  and  gas  of  Ohio,  ii,  241. 
Phosphate  of  calcium,  nature  and  ori- 
gin   of  deposits    of,  Penrose,  vii, 
413. 
Plants,  fossil,  A  raucarioxy Ion  of  Kraus, 
Knowlton,  xl,  257. 

Brotfruchtbaums,  iiber  die  Reste 
eines,  Nathorst,  xl,  257. 

Cala mites,  fructification  of,  Wil- 
liamson, vi,  71. 

Coal    Measures,    Williamson,    v, 
266. 

flora  of  Australia  and  Tasmania, 
Feistmantol,  xl,  495. 

dei  tufi  del  Monte  Somma,  Mes- 
chineili,  xl,  258. 

geographical  distribution,  Ward, 
xl,  90. 

Jurassic  from  Japan,  Yokojama, 
viii,  414. 

Leaves,   determination  of  fossil, 
Ward,  i,  370. 

in  Staten  and  Long  Island  clays, 
i,  403. 

nomenclature  of,  i,  236. 

Mesozoic,  Newberry,  vi,  70. 

Palaophytologie,  Solms-Laubach, 
vi,  72. 

Paleontologie     v^g^tale,     Revue 
des  travaux,  De  Saporta,  xl,  422. 

Potomac,  Fontaine,  ix,   520 ;   xl, 
168;   Ward,  vi,  119. 

remains,  problematical,  from  Ohio, 
Lesquereux,  xl,  268. 

Rhaetic,    from    Honduras.   New- 
berry, vi,  342. 

tree-trunk   in   hydromica   schist, 
iii,   158. 

Williamsouia    angustifolia,    Na- 
thorst,  vi,  391. 

Wood,  silicified,  Arizona,  Knowl- 
ton, vii,  77. 
Platyceras,  sedentary  habits  of,  Keyos, 

vi,  269. 
Pleurocoelus,  Marsh,  v,  90. 
Post-tertiary   deposits    of    Manitoba, 

Tyrrell,  xl,  88. 
Pot-hole  of  remarkable  size,  Penn.,  iv, 

489. 
Potsdam  and  Pre-Potsdam. near  Pough- 
keepsie,   Dwi  rht,  iv,   27 ;    Dwiglit, 
i,  125. 
Preglacial  drainage  of  Pennsylvania, 

Foshay,  xl,  397. 
Primordial  fossils,  Cannda,  Rominger, 
iv,  490. 
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Proboscidea  in  British  Museum,  Ly- 

dekker,  iv,  314. 
Pteropod,  St   JoLn  Group,  Matthew, 

i,  t2. 
Puget  Group,  Washington,  White,  vi, 

443. 
Quartzite,  formation  of,  Irving,  i,  225. 
Quaternary,   Charaplain   period,   Con- 
necticut lake  of,  iv,  404. 

composition  of  brick  from  clay  of, 
vii,  49i*. 

history  of  Mono  Valley,  Califor- 
nia, Russell,  ix,  402. 

Long  Island  Sound  in,  Dana,  xl, 
425. 

Mammals  of  Florida,  etc.,  Leidy, 
ix,  321. 

shells  near  Boston,  Upham,   vii, 
359. 
of  Utah,  Gilbert,  i,  284. 
See  Glacial. 
Quicksilver   Deposits  of   the    Pacific 

slope,  Becker,  ix,  68. 
Red  color  of  rocks,  origin  of,  Russell, 

ix,  317;  Dana,  ix,  318. 
River  beds,  California,  LeConte,  ii,  167. 
Rivera  in  western  N.  S.  Wales,  water 
received  by,  ix,  404 

and  valleys  of  Pennsylvania,  Mor- 
ris, viii,  414. 
Rockv   Mountain  protaxis,    Dana,  xl, 

181. 
Rotli'H  Geologic,  v,  257. 
SaccamiDa  Kriana,  Dawson,  vii,  318. 
Salt  Ranp^e  in  fndia,  Waajren,  xl,  91. 
SaiuUdrift  rock-sculpture,  vii,  4Ki. 
Sandstone,    jeolian,   of    Fernando  de 
Xoronlia,  Branner,  ix,  247. 

dikes  in  California,  Diller,  xl,  334. 
Sauropoda.  new  genus,  Marsh,  v,  89. 
Schists,  origin  of  fiTruginous,  frving, 

ii.  255. 
Scor])ion,  fossil,  i,  228. 
Sediment.s,  origin  of  American,  Hull, 

ii,  407. 
Siderite-basins  of  ihe   Hudson  Rivor 

cpooli.  Kimball,  xl,  155. 
Sierra  Nevada,  elevation  of,  LeConte, 

ii,  1G7. 
Silieeous  .sinter,  formation  of.   Weed, 

vii.  :i5l.  r)<>l. 
Silurian  i^raehinpod.i.  Development  of. 
Beecher  and  Clarke,  ix.  71. 
P.raehiopod.  Ford.  i.   160. 
Clinton  i,^ronp  (bs.sils,  F<3erate,  xl, 


252. 


H  elder  berg.  Lower,  in  New  York, 
Williams,  i,  L'.O. 

Lower,  fossils  in.  Columbia  (^o., 
N.  Y.,  Bi.shop.  ix,  o9. 


Geology — 
Silurian,  Lower,  in  Dutchess  Co.,  N. 
Y.,  Dwight,  ix,  69. 

graptoliteg     froDQ     northern 
Maine,  Dodge,  xl,  153. 
of  Province  of  Quebec,  Ells,  Wal- 
cott,  ix,  101. 

sponges,  in  the  Chazy,  Dawson, 
ix,  320. 

Upper:  The  Hercynian  Question. 
Clarke,  ix,  155;  of  Kastem  Maine. 
Bailey,  ix,  239. 

in  Orange  Co.,  N.  Y..  Dartoo, 
i,  209. 
Sirenian,  new  fossii  from  Gal.,  Marsh, 

v,  94. 
Slaty  cleavage,  i,  475. 
Soil  from  Washington,  analysis,  Schnei- 
der, vi,  236. 
Stegosaurus,  skull  and  dermal  armor 

of,  Marsh,  iv,  413. 
Strephochetus,  Seely,  ii,  31. 
Stromatopora,  ii,  78. 
Stones,  building  and  ornamental  in  U. 

S.  National  Museum,  xl.  91. 
Strophalosia,  N.  A.,  species,  Beecher, 

xl,  240. 
Syringothyris,  Winchell,  and  its  Amer- 
ican species,  Schuchert,  xl,  433. 
Taconic  of  Emmons,  Walcott,  v,  229, 
307,  394 ;  Washington  Co.,  N.  Y. 
Fauna  of  Upper,  Walcott.  iv.  1ST. 
History  of,  Dana,  i,  399:  vi.  410. 
Liraesiones.  fossils  in.  at  Cami.in. 
N.    Y..    Dana,    i,    241;     Ford    and 
Dwight,  i,  248;  at  Hillsdale,  N.  Y., 
xl,  256. 

relations  of,  Bishop,  ii.  438. 
relation  to  Cambrian,  Dana,    ix, 
168. 

rocks  and  stratigraphy,  Dana.  iii. 
270,  393;  and  fossils,  ii',  236. 
system,  Walcott.  iii,  IS.'i. 
Temperature   in    mines,    Wheeler,   ii. 

125. 
Tertiary   and  Grand  Gulf,   Mever,  ii, 
20. 

Butterflies  of  Florissant.  Scudder, 
ix,  414. 

fauna  of  Florida,  Da  11,  xl,  423. 
flora    of    .\ustralia,     ConsLantin, 
viii,  40:i. 

formation,  Denver,  Cross,  vii.  2r)l. 
on  Long  Island,  ii,  324 
Mammals    of     Uinta    formation. 
Scott  and  Osborn,  ix,  403;   Notice 
of  new.  Marsh,  ix,  523. 

Miocene,  Florida,  Tiau^:don.  Jr.. 
viii,  322. 

Mississippi  and  Alabama,  Ling- 
don,  i,  202. 
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TertiaryNummulites  Id  the  Himalayas,  i 

vii,  413.  I 

Pflanzen   der   Insel   der    Neusi- ! 

birien,  SchmalhauseD,  xl,  257.  j 

Plants  from  Mackenzie  and  Bow 

Rivers,  Dawson,  ix,  406. 

Upper  Miocene  in  Mexico,  i,  310, 
Testudinata,  extinct,  Marsh,  xl,  17*7. 
Theoretische  Geologie,  Reyer,  vi,  389.  j 
Titanichthys,  Ohio,  i,  405.  ' 

Tomoceras,  development  of  shell  in  I 

the  genus,  Beecher,  xl,  71. 

Trap    dikes,    Appalachian,    Virginia,  | 

Darton.  ix,  269;  Diller,  ix,  270.         , 

range,  Holyoke,  ii,  323.  | 

ridges  of   Rast   Haven-Branford  , 

region,  Hovey,  viii,  361. 

and  sandstone  in  gorge  of  Farm- , 
ington  R.,  Conn.,  Rice,  ii,  430. 

sheets    of     Connecticut    valley, 
Davis,  ix.  404. 
Trenton  limestone,  a  source  of  petro- 1 

leum  and  gas,  Orton,  xl,  90. 
Triassic  of  Connecticut  valley,  -stnic- ! 
ture  of,  Davis,  ii,  321,  342;  topo- ' 
graphic    development,    Davis,    vii,  I 
423 

flora  of  Virginia,  and  age  of  beds, 
D.  Stur,  vii,  496 

Foot-prints,  Eyerman,  i,  72.  ' 

New  Jersey  and  Conn,  valley. 
Fauna  and  Flora  of,  Newberry,  vi, 
70;  viii,  77. 

trap,  sheets  of  Connecticut  valley, 
Davis,  ix,  404.  , 

Valleys,  submarine.  Pacific  const,  Dh- 

vidson.  iv,  69. 
Vertebrate,  fossil,  of  Great   Britain,  ] 
Catalogue  of  Woodward  and  Sher- 
born,  ix,  402 ;  fossil  beds  in  Hon- 
duras, Nason,  iv.  485. 
Waverly  group,    Ohio,    Herrick,    vii, 

317. 
Wind-drift  rock-sculpture,  vii.  413. 
Zinciferous  clays  of  Missouri,  Seamon, 
ix,  38. 
Gerland,  G.,  Beitrage  zur  Geophysik,  v, 

344. 
Geyser,  see  Geology. 

Gibbs,  J.  W.,  notice  of  Astronomical 
Papers,  i,  62;  notice  of  Kettoler's 
Theoretische  Optik.  i,  64 ;  elastic  and 
electrical  theories  of  light,  v,  467 ; 
comparison  of  electric  theory  of  light 
and  theory  of  a  quasi-labile  ether,  vii, 
129. 
Gilbert,  G.  K..  scientific  method  and 
geology  of  Utah,  i.  284 ;  special  pro- 
cesses of  research,  iii,  452 ;  Congress 
of  Geologists,  iv,  430. 


Glacial  action  in  Australia,  ii,  244. 

bowlders  at  high  altitudes,  White, 
iv,  374. 
drift,  deposit  of,  Hay,  iv,  52. 
ice,  thickness  of,  in  Pennsylvania, 
Branner,  ii,  362. 

moraines,  terminal  in  England, 
Lewis,  iv,  402 ;  in  Germany,  v,  401  ; 
in  Maine,  Stone,  iii,  378. 

periods,  evidence  of  former,  Croll, 
viii,  66. 

scratches  near  Norfolk,  Ct.,  Cornish, 
ix,  321. 

sediments  of  Maine,  Stone,  xl,  122. 
See  Quaternary  under  Geology. 
Glaciation,  bowlcler,  vii.  233. 

studies  upon,  Lewis,  ii,  433. 
Glacier,  Aletsch,  Bonaparte,  xl,  95. 

Muir,  Wright,  iii,  1. 
Glaciers  of  Alps,  enlargement  and  dim- 
mution,  ii,  77 ;  xl,  497. 

Greenland,  damming  and  erosion  by, 
iv,  312;  moraines  of,  in  England,  iv, 
402. 
in  LTnited  States,  existing,  i,  310. 
Glass,  strain-effect  of  sudden  cooling  in. 
Barns  and  Strouhal.  i,  439;  ii,  181 ;  de- 
vitrified,  ii,  78;  decomposition  of,  by 
carbonic  acid,  iii,  68. 
Glow,  residual,  spectrum  of,  v.  334. 
Goebel,  K ,  Classification  and   Morphol- 
ogy of  Plants,  iii.  427. 
Goldschmidt,   V.,    Index   der   Krystall- 
formen.  i;  475;   ii,  485;   v.  501;  vii, 
162:  viii,  494;  xl,  260. 
Gooch,  F.  A.,  analyses  of  waters  of  Yel- 
lowstone Park,  vii,  234. 

determination  of   iodine   in  haloid 
salts  ix,  188;  of  chiorine  in  mixtures  of 
alkaline  chlorides  and  iodides,  ix,  293. 
reduction  of  arsenic  acid,   xl,  66; 
determination   of    bromine,   xl,    1 45 : 
method  for  detection  of  iodine,   bro- 
mine and  chlorine,  xl,  283. 
Goodale.  G.  L.,  botanical  notices,  i,  157, 
406;   ii,  486;  iv.  74,  409;  v,  87,  258, 
341,419,  501;   vi,  75,  158.  392,   472; 
vii,  77,  237,  319,  415;  viii,  252,  415, 
495;   ix,  75,  161,  243,  325,407;  xl,  93. 
living  protoplasm   subjected  to  ac- 
tion of  liquids,  iii,  144. 

obituary  notice  of  W.  Boott,  iv,  160. 
Goode.  G.  B.,  Fishery  Industries,  i,  407; 

viii.  IGO. 
Gold,  atomic  weight  of,  iv,  307. 
Gordon,  C.  H..  Keokuk  beds,  Iowa,  xl, 

295. 
Gould,  B.   A.,  photographic  determina- 
tiruis  of  stellar  positions,  ii,  369  :   Re- 
sultados   del    Observatorio    Nacional 
Argentine,  iv,  312. 
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Grahara.  J.  C,  sand-transportation  by 
rivers,  xl,  476. 

Gratacap,  L.  P.,  Eozoonal  rock  of  Man- 
hattan island,  iii  H74. 

Gravitation,  v,  414 ;  velocity  of  propaga- 
tion, Van  Tlepperger,  ix.  400. 

Gravity,  variations  in  Hawaiian  Is., 
Preston,  vi,  305. 

Gray,  Andrew,  Absolute  measurements 
in  Kleclricity  and  Magnetism,  ix,  236. 

Gray,  A.,  botanical  necrology,  i,  12,  312, 
316;  iii,  164;  v,  260;    botanical  no- 
tices, i.  76,  158,  231,  313,  477;  ii,  79, 
164,  224,  325    411,  473,  485;  iii,  80, 
162,  244,  318,  425;  iv,  490. 
Synoptical  Flora  of  N.  A.,  i,  238. 
Notice  of  Edward  Tuckerman,  ii,  I. 
Elements  of  Botany,  iv,  496. 
Obituary  notice  of,  v.  181. 
list  of  writings  and  index,  vi.  Ap- 
pendix. 

scientific  papers  of,  viii,  419. 
Manual  of  Botany,  new  edition,  ix. 
240. 

Greene.  E  L.,  Pittonia.  iii.  426;  iv,  493. 

Groth,  P.,  Grundrissder  Edelsteinkunde, 
V,  86. 

Tabellarische  Uebersicht  der  Miner- 
alien,  ix,  324. 

Guadalupe  Island,  iv,  80. 

Guerne,  J.  de.  Excursions  Zoologiques, 
etc..  vi,  77. 

rJulf  Stream  explorations,  Pillshury,  vi, 
225. 

(inliok.  J.  T..  divergent  evolution  and 
Darwinian  theory,  ix,  21  ;  inconsist- 
encies of  utilitarianism  as  the  exclu- 
sive tlieory  of  organic  evolution,  xl. 
1  ;  preservation  and  accumulation  of 
cross-infertility,  xl.  4.'{7. 

Gum>)cl.  K  \V.  von.  Ocolopnc  von  Bay- 
er n,  iv,  ir»8:  V.  :ui. 

Gun-cotton.* effects  of  detoiuition,  Mun- 
roc,  vi,  4H. 

Guppv.  coral  reefs  of  Solomon  Islands, 
iv.  221). 

H 

Ilackel.  Iv.  Andropo-ronea'   viii.  2r)3. 

Hauuc.  .\  ,  v(»lcauic  rocks  of  Salvador, 
ii,  20 ;  deposition  of  scorodit*  from 
gevscr  waters,  iv,  171;  Icucitc  rock 
in  \Vv<>min<r.   viii.  4:^ 

Hailstones    Huntingron.  xl.  170, 

Hall.  A..  Nova  An<lrr)meda*,  i,  291);  ctjn- 
siant  of  al»err:itinn.  v.  r)Or). 

Hall  etVect  in  «'lectricity,  iv.  ini. 

Hall.  K.  11..  elTet't  of  magnetic  force  on 
ofiui-pt'tential  lines  of  electric  current, 
vi.  i:'.i.2T7;  ratio  of  electromagnetic 
to  electrostatic  unit  of  electricity,  viii, 
280. 


Hall,  J.,  Palffiontology  of  New  York,  I 
311;  vol.  vi,  v.  35 ;   vol.  vii,  v,  499. 

Hallock,  W..  flow  of  solids,  iv,  277,  vi 
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Fol  and  Sarasiu,  vi,  67.  Loomis,  E.,  contributions  to  meteorology, 

radiated  from  moving  molecules  and  I      No.  22,  iii,  247  ;  No.  23,  vii,  243. 

limit  to  interference,  vii,  410.  memorial   address   by  Neu-toa,  ii, 

rotation  of  piano  of  polarization,  by  427  ;  list  of  papers,  iv,  Appendix, 

discharge  of  a  Ley  den  jar,  vii,  409.  Loomis,  H.  B.,  making  of   icebergs,  il, 

spcctro-photometric  comparisons,  333. 

Nichols  and  Franklin,  viii,  100.  Lotti,  B.,  ophiolitic  rockd  of  Italy,  eU*., 

standard  wave-lengths  of,  v,  337.  ii,  239. 

velocity,  Michelson,  i,  62  ;  Michel-  Loubat  prize  of  the  French  Institute,  ii, 

son  and  Morley,  i,  377.  413. 

wave-length  of.   Bell,   iii,    1G7:    v,  Lubbock.  J.,  Flowers,  fruit  a,  and  leaves. 
265,    347;      Rowland,    iii,     182;     of        ii,  41 1 ;   forms  of  seedlings,  ii,  4?^5. 

sodium,  Mielielson  and  Morley,  iv.  427.  Lydekker,  R.,  Fosi*il  Mammalia,  i.  40;V. 

zodiacal,  Searle,  i,  159;  relation  of,  iv.  314;  v,  256;    Manual   of   Pahc«)n- 

to  Jupiter,  i,  318.  tology,  ix,  239. 

See,  spectrum,  vision. 
Light-absorption    and    molecular   struc- 
ture, i,  58.  McCalley,    H.,   Warrior  Coal    Field,  iii. 
Light-waves  as  the  tdtimate  .standard  of        78. 

length,    MicheLson   and   Morley,    viii,  Macfarlane,  J.,   Amer.  Geological    Rail- 

181.  way  Guide,  xl  343. 

measurement  of.  Michelson,  ix,  McGee,  W.  J.,    Ovibos   c^vifrons  from 

115.  Iowa,    iv,   217;    three    formations  of 

stationary,  Wiener,  xl,  165.  Middle    Atlantic   slope,    v,    120.  32\ 

Lightning  and  tlie  Kiffel  tower,  viii,  411.  367,  448  :  Chesapeake  Bay,  vii.  502: 

Lindgren,    W.,    mineralogy    of    Pacific  Appomattox  formation,  xl,  15. 

coast,  vi,  73.  Mackintosh,  J.  B.,  on  auerlite,  vi,  461  : 

Linton.  K.,  Entozoa  of  marine  fishes,  vii,  on  sulphohalite,  vi,  463. 

239.  native  iron  sulphate?*  from  Chili,  viii. 

Liquids,  action  of  magnets  on,  Moreland,  242 ;  minerals  of  Llano  Co.,  Texa?.  viii. 

iv,  227.  474;    eudialyte    from  Arkansas,   viii, 

eomprespibility  and  surface  tension,  494. 

ii,  481.  polycrase  m  N.  and  S.  Carolina.  i.t. 

electrical  conductivity   efiected   by  302. 

pressure,  Harus.  xl,  219.  McRae,  A.  L.,    electrostatic   battery,  i, 

heat    of    vaporization    of    volatile.  153. 

Chappuis.  vii.  225.  Magie,  W.  V.,  surface  tension  of  liquids. 

relation  of  volume,  etc.,  in  case  of,  i,  189. 

Barns,  viii.  407.  Magnet,  effect  on  chemical  action,  Kow- 

solidification,  by  pressure,  iv,  227.  land  and  Bell,  vi,  39. 
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Magnetic  field,  chemical  behavior  of  iroD 
in,  Nichols,  i,  272. 

in  Jefferson  Physical  Labora- 
tory, Wilison.  Lx.  87,  456. 
and  gravity  observations,  xl,  478. 
results  of  the  Challenger  Expedi- 
tion, ix,  154. 
Id^agnetisro,  diurnal  variation  in  terres- 
trial, Schuster,  ix,  411. 
Magnetism,  induced  molecular  theory, 
Ewing,  xl,  331. 

influence  on  bismuth,  v,  252 ;  of 
ga.ses,  V.  495. 

of  nitkel  and  tungsten  alloys,  Trow- 
bridge and  Sheldon,  viii,  462. 
Magnetization  at  different  temperatures, 
Dubois,  ix,  400. 

by  electric  discharge,  i,  61. 
electromotive  force  of,  v,  290. 
Magnetometer,  mountain,  Meyer,  xl,  330. 
Main,  J.  F.,  viscosity  of  ice,  iv,  149. 
Mallet,  F.  R.,  Mineralogy  of   India,  v, 

416. 
Manitoba,  ancient  beaches  of  L.  Winni- 
peg, Tyrrell,  viii,  78. 
Mar,  F.  W.,  determination  of  chlorine 
in  mixtures  of  alkaline  chlorides  and 
iodides,   ix,  293;   perofskite,  Magnet 
Cove,  xl,  403. 
Marcou.  J.  B.,  Bibliography  of  fossil  In- 
vertebrates, ii,  246. 
Margane,  de,  Les  dislocations  de  I'^orce 

tcrrestre,  v,  500. 
Marks,  W.  D.,  Relative  Proportions  in 

Steam  Engine,  v,  88. 
Marsh,  0.  C,  American  Jurassic  Mam- 
mals, iii,  327. 

new  fossil  mammals,  iv,  323 :  skull 
and  dermal  armor  of  Stegosaurus,  iv, 
413. 

new  fossil  Sirenian,  v,  94 ;  new  ge- 
nus of  Sauropoda  and  other  new  Dino- 
saurs from  Potomac  formation,  v.  89. 
new  horned  Dinosauria,  vi,  477. 
restoration  of  Brontops  robustus, 
vii,  163;  comparison  of  the  principal 
forms  of  Dinosauria  of  Europe  and 
America,  vii,  323;  new  American 
Dinosauria,  vii,  331. 

discovery  of,  Cretaceous  Mammalia, 
Pt.  I,  viii,  81 ;  Pt.  II,  viii,  177  ;  gigan- 
tic homed  Dinosauria  from  the  Cre- 
taceous, viii,  173;  skull  of  gigantic 
Ceratopsidae,  viii,  501. 

new  Dinosaurian  reptiles,  ix,  81  ; 
distinctive  characters  of  the  order 
Hallopoda,  ix,  415;  additional  char- 
acters of  the  Ceratopsidie,  with  notice 
of  new  Cretaceous  Dinosaurs,  ix,  418; 
new  Tertiary  Mammals,  ix,  523. 
extinct  Testudinata,  xl,  177. 


Mascart,  £.,  Electricity  and  Magnetism, 
vi,  68. 

Maximowicz,  C.  J.,  Diagnoses  plantarum 
novarum  Asiaticarum,  VII,  vii,  417. 

Matthew,  G.  P.,  Pteropod,  St  John 
Group,  i,  72;  Oienellus  (?)  Kjenrtfi,  i, 
472;  Acadian  Paradoxides,  iii,  388; 
Paradoxides  (Oienellus?)  Ejerulfi,  iii, 
390. 

Mayer,  A.  M.,  well-spherometer,  ii,  61. 
experiments  with  pendulum-electro- 
meter,   ix.    327;     electric    potential 
measured  by  work,  ix,  334;  apnng- 
balance  electrometer,  ix,  513. 

experimental  proof  of  Ohm's  law, 
xl.  42;  determination  of  the  coeflS- 
cient  of  cubical  expansion,  xl,  323. 

Measurements,  potential  strengthener 
for,  ii,  481. 

Meem,  J.  G.,  limooite  pseudomorph 
after  pyrite,  ii,  274. 

Melville.  W.  H.,  metacinnabarite  from 
New  Almaden,  Cal.,  xl,  291. 

Mendenhall,  T.  C,  electrical  resistance  of 
soft  carbon,  ii,  218;  seismological  in- 
vestigations, V,  97. 

Meneghini,  G.,  Cambrian  trilobites  of 
Sardinia,  vi,  294. 

Obituary,  vii,  422,  vui,  336. 

Mercury,  rotation  of,  Schiaparelli,  ix,  245. 

Merriam,  C.  H.,  fauna  of  Great  Smoky 
Mts. ;  and  description  of  a  new  species 
of  red-backed  mouse,  vi,  458. 

Merrill,  F.  J.  H.,  Long  Island  Geology, 
iv,  1 53 ;  metamorphic  strata  of  S.  E. 
New  York,  ix,  383. 

Merrill,  G.  P.,  composition  of  Pliocene 
sandstone,  ii,  199;  enlargement  of 
augite  in  peridoiite,  v,  488;  new  me- 
teorite, V.  490 ;  Fayette  county  mete- 
orite, vi,  113;  ophiolite,  Warren  Co., 
N.  Y.,  vii,  189;  serpentine  of  Mont- 
viUe,  N.  J.,  vii.  237. 

Merritt,  E.,  light  from  incandescent 
lamps,  vii.  167. 

Merritt,  W.  C,  ascent  of  Mt.  Loa,  1 888, 
vii,  51. 

Metallic  deposits  by  electrical  discharges, 
iii,  71. 

Metals,  index  of  refraction,  Eundt,  vi, 
151. 

selective  reflection  by,  vii,  410; 
viii,  162. 

Metamorphism,  variation  in  intensity  of, 
V,  82. 

See  Geology. 

Meteorites,  Brazilian,  Derby,  vi,  157. 
Catalogue  of,  in  the  British  Museum, 
i,  476;   Harvard  University,  Hunting- 
ton, V,  86 ;  in  Museum  of  Yale  Uni- 
versity', ii,  Ap{)endix. 
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Meteorites,  diamond  in,  vi,  74. 

fall  in  Iowa,  NCay  2,  1890,  ix,  521. 
gaseous  constituents  of,  ii,  482. 
History  of,  Flight,  v,  87. 
iron,  crystalline  structure  of,  Hunt- 
ington, ii.  284. 
orbits  of,  and  earth's  orbit,  Newton, 

VI,  1. 

See  Meteors. 
Meteorites,  iron— 

Alabama,  Summit,  Blount  Co.,  Eunz, 
xl,  322. 

Arkansas,  Independence  Co.,  i,  460; 
Johnson  Co.,  Kunz,  iii,^94 ;  John- 
son Co.,  Whitfield,  iii,  4W,  r*"  r 

Brazil,  Bemdego,  vi,  158;  Santa  Gata- 
rina,  vi,  157. 

Chili,  Puquios,  Howell,  xl,  224. 

Georgia,  Chattanooga  Co.,  iv,  47 1 ; 
East  Tennessee  and  Whitfield  Co., 
iv,  473. 

Eausas,  Kiowa  Co.,  Kunz,  xl,  412. 

Kentucky,  Allen  Co.,  iii,  500 ;  Carroll 
Co.,  iii,  228. 

Mexico,  Coahuiln,  iii,  115;  Catorze, 
iii,  228;  Durango,  new,  vii,  439; 
Mazapil,  iii,  221. 

Missouri,  Taney  Co.,  iv,  467. 

N.  CaroHna,  Bridgewater,  Burke  Co., 
Kunz,  xl,  320  ;  Burke  iCo.,  vi,  275 ; 
Rockingham  Co,  Venable,  xl,  161  ; 
Rutherford  Co.,  ix,  395. 

New  Mexico,  Gloricia  Mt.,  ii,  311. 

S.  Carolina,  Laurens  Co.,  i,  460. 

Texas,  Ilamiltou  Co..  Howell,  xl.  223; 
Maverick  Co.,  ii,  304. 

Tennessee,  Green  Co,  i,  41;  Rook- 
wood,  Kunz,  iv,  476;  Rockwood, 
Whitfield,  iv,  387  ;  Waldron  Ridge, 
iv,  475. 

Virginia,  Amherst  Co.,  iii,  58  ;  Henry 
Co.,  Venable,  xl,  162. 

West  Virginia,  W^nyne  Co.,  i,  145. 

Wisconsin,  St  Croix  Co.,  iv,  381. 

Wyoming,  Laramie  Co.,  vi,  276. 

M ET K( )RITi:S.    STO N  E — 

California.  St.  Bernanlino  Co,  v,  490. 
Iowa.  Winnebap:o    Co ,    Barbour   and 

Torrey,  ix.  521  ;  Kunz.  xl,  318. 
Japan,  v,  264. 
Maine,  North  ford,  v,  212. 
Missouri.  Cape  Girardeau,  ii,  229. 
New  York,  liensselaer  Co.,  iv,  60. 
N.  Carolina,   Ferguson,  Haywood  Co., 

Kunz.  xl,  320. 
Russia.  Nowo-Urei,  vi,  71. 
Texas,  Fayette  Co.,  vi.  113. 
Cnknown  locality,  Kakins,  ix.  59. 
Ctali.  ii,  226. 
Meteorological  Atlas,  Hann,  v,  263. 

Society,  American,  ix,  163. 


Meteorology,  contributions  to,  Loomis, 
lU,  247 ;  vii,  243. 

dynamical,  recent  contributions  to. 
Waldo,  ix,  280. 

facts  in,  at  Hawaiian  Islands,  Til 
91,  241. 

Work  on  Mexican,  ii,  ^46. 
Meteors,  form  of  area  in  the  heavens, 
iii,  325. 

mass  of,  Hutchins,  ix,  392. 
May  2d,  1890,  orbit,  ix,  522. 
of  Nov.   27,  1885,  Newton,  i,  79, 
409. 

See  Meteorites.  • 

Metrolo^,  science  of,  Noel,  xl,  262. 
Meyer,  0.,  Tertiary  and  Grand  Gulf,  ii 
20;    invertebrates    from    Eocene  of 
Miss,   and   Ala.,   iv,  159;  etching  of 
quartz,  vii,  501. 
Meyer,  L.,  Modem  Theories  of  Chemis- 
try, vi,  60. 
Michelson,  A.  A.,  velocity  of  light,  i,  62: 
influence  of  motion  of  medium  on  ve- 
locity of  light,  i,  377. 

relative  motion  of  eso-th  and  lumi- 
niferous  ether,  Iv,  333;  wave-length 
of  sodium  light,  iv,  427. 

feasibility  of  establishing  a  light- 
wave as  ultimate  standard  of  length, 
viii,  181. 

measurement   by    light-waves,  ii. 

115;  interference  experiment,  ix,  2K. 

Microscope   magnification,    Stevens,  i!, 

50. 
Microscope,  new  i)etroprraphic.  v,  114. 
Middlemiss,  metamorphic   rocks  of  tht* 

Himalayas,  v,  82. 
Millardet,  A.,  work  on  American  grape*, 

i,  158. 
Miller,    Ilngh,   bowlder   glaciation,  vii. 

2,33. 
Miller,  S.  A.,  North  American   Geology 

and  Palaeontology,  viii.  328 ;  ix.  6T. 
Milne,  J.,  Volcanoes  of  Japan,  ii,  233. 
Mineral  Collection,  Shepard's,  v,  258. 
localities  in  Conn.,  Gaines,  iv.  406: 
in  western  U.  S.,  iv,  315. 

Resources  of  U.  S.,  v,  257  ;  vii.  162; 
xl,  423. 

of  Ontario,  Report  on,  xl,  260. 
Mineraiien,    Tabellarische     Uebersioht. 

Groth,  ix,  324. 
Mineralogia.  Giomale  di,  xl,  93. 
Miueralogical  Report  of  California,  i.  76; 
iv,  159;   1887,  vi,  73;    1888.  viii,  166; 
1889,  xl,  92. 
Mineraiogie,  Lehrbuch,  Hintze,  viii.  251. 
Husslands,    Kokscharow,    iii,   424: 
vi,  74;  viii,  494. 
Mineralogy,  Determinative,  Eyerman.  xl 
92. 
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Mineralogy  of  India,  Mallet,  y,  41 6. 
of  Pacific  Coast,  Lindgren,  vi^  73. 
of  Pennsylvania,  vii,  501. 
Minerals,  artificial,  i,  311. 

of  Canada,  Hoffmann,  x1,  92. 
Catalogue  of,  Egleston,  viii,  494. 
of  Llano  Co.,  Texas,  Hidden  and 

Mackintosh,  viii,  474. 

of  New  Jersey,  Canfield,  ix,  161. 
of  New  South  Wales,  Liversidge, 

viii,  166. 

in  Rocks,  L^vy  and  Lacroiz,   vii, 

414;  Rosenbuschy  vii,  414;    Rutley, 

vi,  296. 

secondary,  of  ampbihole  and  pyrox- 
ene groups,  Cross,  ix,  359. 
Minerals— 

Abriacbanite,  iv,  111.  Akermanite, 
xl,  336.  Albite,  i.  205;  iv,  391. 
Allauite,  paragenesis  of,  in  rocks, 
Hobbs,  viii,  223;  Texas,  Hidden 
and  Mackintosh,  viii,  485;  Genth, 
xl,  118.  Anhydrite,  formation,  ii, 
233.  Amarantite,  vi,  156;  Mack- 
intosh, viii,  243;  Genth  and  Pen- 
field,  xl,  1 99.  Amber,  Mexico,  viii, 
73.  Amphibole,  secondary,  ix,  359 ; 
St.  Lawrence  Co.,  N.  Y.,  ix,  352. 
Andalusite,  Patridc  Co..  Va..  ix,48. 
Annabergite,  i,  230.  Annite,  viii, 
390.  Anlhochroite,  viii,  250.  An- 
thophylite.  N.  C,  xl,  394.  Apatite, 
iii,  160,  503;  vi,  223;  vii,  413. 
Aquamarine,  Colorado,  iii,  161. 
Aragonite  pseudomorph,  vi,  224. 
Argentobismutite,  i,*  229.  Argyro- 
dite,  i,  308;  ii,  163.  Arkansite,  ii, 
314.  Arminite,  iii,  163.  '  Aromite, 
xl,  258.  Arsenic,  native,  Colorado, 
ix,  161.  Arsenopyrite,  i,  229.  Ar- 
seniopleite,  v,  416.  Atacamite, 
Chili,  xl,  207.  Auerlite.  vi,  461. 
Augite,  enlargement  of.  iii,  385,  v. 
488;  Aurichalcite,  i,  75.  Avalite, 
i,  230.  Awaruite,  iii,  244.  Axinite, 
iv,  286.    Azurite,  i,  74,  75. 

Barite,  Col.,  vii,  236;  hemimorphic 
crystals,  iii,  288.  Barium  feldspar, 
Pa.,  vi,  326.  Barium  sulphate,  Tem- 
pleton,  Quebec,  ix,  61.  Barkevikite, 
V,  416.  Barysil,  v,  417.  Beegerite, 
i,  229.  Belonesite,  V,  417.  G^men- 
tite,  V,  417.  Bertrandite,  Col.,  vi. 
62;  Maine  and  Colorado,  vii.  213; 
and  Beryl,  Mi  Antero,  Col ,  xl,  488. 
Beryl,  composition,  ii,  107;  iii,  159, 
505;  vi,  317.  Beryllonite,  vi,  290; 
vii,  23.  Biotile,  ii,  244;  iv,  1H5; 
viii,  390.  Bismutite,  iii,  290.  Bis- 
mutosphaerite  from  Conn.,  iv,  271. 
Boumonite,  Arizona,  ix,  45.     Bro- 
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chantite,  iii,  287 ;  v,  306.  Brookite, 
Arkansas,  i,  387;  ii  314.  Brucite, 
artificial,  i,  311.  Biickingite,  vi,  156. 
Cacoclasite,  Genth,  viii,  200.  Calamine, 
origin  in  Missouri,  ix,  38.  Calcic- 
thorite,  v,  416.  Calcite,  N.  Y.,  vii, 
237;  pseudomorph  after  Glauberite, 
u,  45 ;  Port  Henry,  N.  Y.,  xl,  62. 
Cancrinite,  i.  263.  Cappelenite,  i, 
230.  Caracoliie,  iii,  423.  Caryopi- 
lite,  vii,  500.  Cassinite,  vi,  326.  Ce- 
lestile.  Mineral  Co.,  W.  Virginia,  ix, 
183.  Celestite,  pink,  iii,  286.  Cerar- 
gyrite,  pseudomorphs,  iii,  289.  Cera- 
site,  Japan,  xl.  497.  Cerussite,  crys- 
tallized, ii,  380.  Chalcophyllite,  v, 
303.  Chalcopyrite,  French  Creek, 
Pa.,  xl,  207.  Chert,  Hinde,  vi,  73. 
Chloanthite,  N.  J.,  Eoenig,  viii, 
329.  Chlorite  g^oup,  composition, 
xl,  405.  Chloritoic^  Patrick  Co., 
Va.,  ix,  50.  ChrysocoUa,  i,  75. 
Chrysolite,  v,  485;  xl,  305.  Cin- 
nabar, natural  solutions  of,  iii,  199. 
Ciplyte,  xl,  335.  Cliftonite,  iv,  232. 
Clinoclasite,  v,  303.  Cliutonite 
group,  Clarke,  viii,  392.  Cohenite, 
ix,  74.  Colemanite,  iv,  282.  Co- 
lumbite,  h,  386;  vii,  501.  Connel- 
lite,  Cornwall,  xl,  82.  Copiapite, 
Chili,  viii,  242.  Copper,  artificial 
crystals,  ii,  377 ;  Lake  Superior 
crystals,  ii,  413;  native,  pseudo- 
morphs after  azurite,  New  Mexico, 
Yeates,  viii,  405.  Coquimbite, 
Chili,  viii,  242.  Cordierite,  Japan, 
xl,  497.  Corundum,  Ceylon,  iii, 
607 ;  Patrick  Co.,  Va.,  ix,  47,  48. 
Cosalite,  i,  229.  Cristobalite,  iv, 
73.  Crocidolile,  iv,  108.  Cryphio- 
lite.  V,  417.  Cryptolite,  v,  86.  Cu- 
prite, artificial  crystals,  ii,  379.  Cy- 
auite,  N.  Carolina,  vi,  224 ;  Patrick 
Co ,  Va.,  ix,  49.  Cyrtolite,  Texas, 
viii,  485. 

Dahllite.  vii.  77.  Danburite,  iv,  285. 
Datolite,  iv,  285.  Daviesite,  Chili, 
viii,  250.  De  Saulesite,  N.  J.,  viiL 
329.  Descloizite,  vii,  434.  Dia- 
mond, Kentucky,  viii,  74.  Diamond, 
N.  C,  iv,  490.  Diamond  in  a  me- 
teorite, V,  86;  vi,  74.  Diaspore, 
ii,  388.  Dickinsonite,  ix,  213.  Di- 
hydro-thenardite,  v,  4 1 8.  Dudgeon- 
ite,  Scotland,  viii,  250.  Dumortier- 
ite,  Norway,  vi,  73;  Harlem.  N.  Y. 
and  Arizona,  vii,  216.  Durdenite, 
xl,  81.     Dysanalyte,  xl,  403. 

Kdisonito,  vi,  272;  ix.  159.  EUeolite, 
i,  262.     Emeralds,  North  Carolina, 


534 


GENERAL  INDEX. 


[30 


Minerals — 

ii,  483.  Einraonsite,  i,  470,  xl.  81. 
Epidote,  Bodewig,  viii,  164;  para- 
genesia  of,  in  rock$»,  Hobbs,  viii,  223. 
Epigenite,  Sweden,  ix.  161.  Krinite, 
y,  299.  Eucolite  and  Eudialyte, 
Arkansas,  xl,  457.  Kudialyte,  Ar- 
kansas, viii,  494 ;  xl,  467.  Euxen- 
ite  containing  germanium,  v,  410. 

Facellite,  vil,  5(i0.  Fairfieldito,  Branch- 
ville,  (?'Onn..  ix,  212.  Fayalite,  slag 
with  composition  of,  i.  405.  Faya- 
lite, Lipari,  xl,  75.  Feldspar,  bar- 
ium, VI,  326.  Feldspars,  triclinic, 
iv,  390.  Fergusonite,  TexaR,  viii, 
482.  Ferronatrite,  Chili,  viii,  244; 
xl,  202. 

Ferrostibian,  Sweden,  ix,  160.  Fied- 
lerite,  v,  418.  Fillowite,  Branch- 
ville,  Conn.,  ix  215.  Flinkite,  Swe- 
den, viii,  250.  Fluorite,  N.  Y.,  viii, 
72.  Fowlerite,  N.  J.,  xl,  484.  Fuch- 
site,  iii,  284. 

Gadolinite,  Texas,  anal.,  Genth,  viii, 
198;  Kakins,  viii,  479:  occurrence, 
Hidden  and  Mackintosh,  viii.  474. 
Gahnite,  Mass.,  vi,  157;  vii,  501. 
Galena,  structure,  vii,  237.  Gale- 
nobisrautite,  i,  229.  Garnet  in  rhy- 
olite,  i,  432 ;  Pa ,  xl,  1 17 ;  titanifer- 
ous,  N.  C,  xl,  117.  Garnets,  pseudo- 
morphs  of,  ii,  307.  Gehlenite  in 
furnace  ylng,  vii.  220.  (icuthite, 
Oregon,  v,  4H3.  Goyserite,  forma- 
tion of.  Weed,  vii,  351,  501.  (iibbs- 
ite.  so-called.  Pa!,  xl.  206.  Glaub- 
orite.  Verde  Valley,  Arizona,  ix.  44. 
(iold.  cry.stallization,  ii,  132  ;  native, 
in  ciik'ite,  ix,  ir)0;  natural  solutions 
of.  iii,  !09;  supposed  occurrence  in 
tur(inoi.«,  New  Mexico,  xl,  115. 
(ionlaitc.  xl,  259.  Giiqualandite, 
iv,  i:\.     Gyrolite,  Clarke,  viii,  128. 

Halite.  Verde  Valley,  Arizona,  ix.  14. 
Hainberjrite,  xl.  170.  Ilanilinite,  ix. 
511.  Ilanksite.  Tal..  Hanks,  vii, 
<;:{;  Rodewig.  viii.  1()0.  Harsti^ite, 
iii.  42  I.  llaui^litiniite.  ('larkc,  viii, 
'MH).  Heliophyllite.  vii.  499.  Her- 
(ieriie.  anal  .  ii,  107  :  crystal,  ii.  209; 
l^ral,  iv.  490.  Hi<i<ienite,  XorthC;ir- 
olina.  ii.  48:5.  Iliortdalilite.  xl.  171. 
Holiinannite.  vi.  !.')('..  Hornblende. 
St.  Lawrence  Co.,  N.  Y.,  ix.  352: 
in  rocks.  Van  Hise.  iii.  38.");  Cross, 
ix,  :ir»9.  liorsfonlite.  vi.  15(5.  How- 
lite  iv.  220.  Hnrcaulitc.  liranch- 
ville,  Ct.,  ix.  207.  Hydropiobertite, 
i.  477.  Hydroncpheiite,  i,  205. 
Hydroph.nie,  iv.  479.  Hydroplum-  ^ 
bite.  viii.  250.     Hyperslhene,  i,  33. 
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Iceland  spar,  refraction  In,  v,  60 ;  »)la* 
bility,  V,  411.  Tndicolite,  m-calkd. 
from  Harlem,  N.  Y.,  iv,  406.  Ines- 
ite,  vii.  500.  loHte  in  gneiss.  tI 
57.  Iron  sulphates  from  Chili 
Mackintosh,  viii,  242. 

Jarosite,  ix,  7.S.  Johnstnipito,  xl,  171. 
Joseite,  i,  229.  Kainosite.  i,  476. 
•  Kaliborite,  xl,  336.  Kaliophilite, 
iii.  423.  Kaolin,  action  of,  on  alkali- 
chlorides,  xl,  419.  Karyocerite.  xl. 
171.  Knoxvillite,  ix.  7:i.  Kobel- 
lite,  i,  73.     Kotschubeite,  vi  73. 

LAngbanite,  iv,  72.  Lansfordite,  ?i. 
156;  ix.  121.  Laubanite,  v.  41^. 
Laurionite,  v,  5:8.  Liivenite.  i,  230. 
Lead  silicate,  artificial,  ii,  272.  Lepi- 
dolites  of  Maine,  ii,  353 ;  viii,  38T. 
Lepidomelane.  i,  266;  iv.  133:  viii, 
390.  Lettsomite,  Arizona  and  UtAb. 
xl,  118.  Lencite,  Wyoraing^,  viii.  43. 
Limonite.  pseudomorpha  after  pj- 
rite,  i,  376;  ii,  274.  Lucasite,  ii. 
375.  Lndwigiie,  iv,  284.  Lussatite. 
xl,  259. 

Magnetite,  pseudomorpha,  iv,  40d; 
Port  Henry.  N.  Y..  xl,  6i.  .Vfala- 
chite.  i,  75.  Manganotantalite,  iv, 
73.  Marcasite,  vi,  295.  Margarile. 
Clarke,  viii.  391  :  Genth.  ix.  49. 
Marlinite.  v,  418.  Mazapilite.  vi. 
391:  vii.  501;  viii.  252.  .Melan- 
ocerite,  v,  416.  Mcssclite,  ix.  74. 
Meiacinnabarite.  Cal.,  xl.  291.  NM- 
alonchiditc,  v.  418.  Metastibnit*'. 
vii,  499.  Mica,  analysis  of.  ii.  :;17. 
Mica  group,  theory  of,  Clarke,  viii. 
384;  composition,  xl.  410,  Micas, 
analy.ses,  Clark,  iv,  131  ;  iron  litlii;i. 
of  Cape  Ann.  ii.  358.  Miehel-levyie. 
Quebec,  tjicroix,  viii.  219:  ix  Gi. 
Minium,  Leadvillc.  ix.  42.  Miraiii- 
ite.  Verde  Valley.  Arizona,  ix.  44. 
Mixitc  (?),  V,  -ion.  Mohbdenite 
crystal,  ii.  210.  Monazitc,  iii.  I»»'t; 
Hidden,  ii.  207  ;  Canada.  Hotlmnun. 
iv,  73;  Clenlh,  viii.  203:  N.  Caro- 
lina. Penlield  and  Spcrry,  vi.  :>2'1: 
in  rocks,  Derby,  vii,  109.  Mer- 
donito,  Wyoming,  xl,  232.  Mur- 
sinskite,  iii.  424.  Mnscovitc.  X.r.. 
Clarke,  iv,  131,  viii.  387:  Patrick 
('O..  Va .  Genth,  ix,  49. 

Napa  I  ite,  Na|)a  Co..  Cal ,  ix.  74.  Xa- 
trophilite,  Branchville,  Ct.,  ix.  20.V 
Neotesite.  xl.  335.  Nc8«iuehoniie. 
ix.  122.  Nickel  ores  from  Onyf^u. 
v,  483.  Nivenitc.  viii.  481.  Nor- 
denskiiildine,  v,  416. 

Ochrolite,  vii.  500.     Gligoclase,  o|>ti- 
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cal  characters,  iv,  391 ;  Bakersville, 
N.  C,  vi,  222,  324.  Olivonite,  v, 
298.  Oolite,  calcareous,  Iowa ;  sili- 
ceous, Penn.,  xl,  246.  Opal,  Oregon, 
viii,  73,  Ore-deposits,  theory  of,  i, 
474.  'Orthoclase.  iii,  24H. 

Pandermite,  iv,  234.  Paposite,  vii, 
501.  Pectolite,  iii,  287.  Periclasite, 
Sweden,  iv,  490.  Perofskite  in 
peridotite,  Ky.,  vii,  219;  in  serpen- 
tine, iv,  140:  Magnet  Cove,  xl,  403. 
Phenacite  from  Colorado,  ii,  210,  iii, 
130,  vi,  320;  New  Hampshire,  vi, 
222,  472;  new  localities,  ix,  325; 
not  found  at  Hebron,  Me.,  Yeates, 
xl,  259;  of  Mt.  Aniero,  Col,  Pen- 
field,  xl,  491.  Phlogopite,  N.  Y., 
vi,  329;  composition,  Clarke,  viii, 
389.  Pholidolite,  xl,  335.  Phos- 
phosidcrite,  xl,  336.  Picrophar- 
macolite.  Mo.,  xl,  204.  Pinnoite,  i, 
230.  Pitticite,  Utah,  xl,  205.  Plat- 
inum, native,  Canada,  v,  257.  Platt- 
nerite,  Idaho.  Wheeler,  viii,  79; 
Hawkins,  viii,  165.  Pleonectlte, 
Sweden,  viii,  251.  Pleurasite,  Swe- 
den, ix,  161.  Plumbonacrite.  Swe- 
den, viii,  250.  Polianite,  v,  243. 
Polyarsenite,  i,  230.  Polybasite,  i, 
229;  Colorado,  xl,  424.  Polycrase 
in  N.  and  S.  Carolina,  ix,  302.  Po- 
lydimite,  Canada,  vii,  372.  Priceite, 
iv,  283.  Pseudobiotite,  iv,  73. 
Pseudo-chrysolite,  i,  75.  Psilome- 
lane,  formation,  vi,  175.  Ptilolite, 
ii,  117.  Pyrite,  Col.,  crystals,  vii, 
236;  Pa.,  vii,  209;  decomposition 
of,  vi,  295;  French  Creek,  Penn., 
xl,  \\4.  Pyroxene,  hem ihedrism  of, 
Williams,  viii,  115;  N.  Y.,  vii,  237; 
secondary,  ix,  359;  twin  crystiils, 
iv,  275. 

Quartz,  iii,  507 ;  with  basal  plane,  ii, 
208;  compound  crystals,  i,  14  ; 
Arizona,  iv,  479 ;  electric  dilatation, 
vii,  495:  etching,  vii,  501;  as  an 
insulator.  Boys,  viii.  76:  origin  of, 
in  basalt,  Iddings.  vi,  208 ;  pseudo- 
morphs  after  spodumene,  vi,  222; 
twin  crystals,  vi,  323.  Qiienstedtite, 
vi,  156.     Quetonito.  xl,  259. 

Ralstonite,  composition,  ii,  380.  Ra- 
phisiderite,  ix,  74.  Reddin<;ite, 
Branchville,  Ct,,  ix,  211.  Uedding- 
toniie,  Cal,  ix,  73.  lihaetizite,  Pat- 
rick Co.,  Va  ,  ix,  49.  Rhodochro- 
site.  Col,  iv,  477;  N.  J.,  xl,  375. 
Rhodonite,  N.  J  ,  xl,  4  84.  Rhodo- 
tiliie,  vii,  499.  Riebeckite,  vi,  391. 
Roemerite,    from    Chili,   viii,    243. 
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Rosenbuschite,  v,  4 1 6.  Rubrite,  xl, 
258.  Rumpfite,  Styria,  xl,  424. 
RutUe,  iii.  161.  501.  Rutile-Kdi- 
sonite,  ix,  159. 
Sanguinite,  Chili,  xl,  497.  Sanidine, 
i,  434.  Sarkinite,  i,  230.  Scapo- 
lite,  Pa.,  xl,  116;  in  rocks,  N.  J., 
ix.  407.  Scheelite  rrom  Idaho,  vii, 
414.  Schorlomite,  iii.  426.  Schun- 
gite,  iii,  424.  Scorodite,  iii,  290; 
iv,  171.  Seleu-tellurium,  Honduras, 
xl,  79.  Serpentine,  composition,  xl, 
307 ;  formations  in  California,  i, 
348;  Montville,  N.  J.,  vii,  237; 
Syracuse,  iv,  137.  Siderite,  N.  Y., 
xl,  155.  Siderona trite.  Chili,  xl, 
201.  Siderophyllile,  Clarke,  viii, 
390.  Sigterite,  xl,  336.  Silicates, 
formulas,  Becker,  viii,  154;  consti- 
tution of,  Clarke  and  Schneider,  xi, 
303,  405,  452.  Silver  nugget,  iv, 
480;  in  volcanic  ash,  iv,  159.  So- 
dalite.  I  2G4.  Spangolite,  ix,  370. 
Spessartite,  i,  434.  Sperrylite,  anal, 
vii,  67;  crystalline  form,  vii,  71. 
Splialerite.  amorphous,  Kansas,  xl, 

160.  Spodumene,  Hidden,  ii,  204. 
G.  vom  Kath,  iii,  1 60.  Strengite,  arti- 
ficial, i,  311.     Stibiatil,  Sweden,  ix, 

161.  Stibnite,  vii,  501  ;  xl,  115. 
Stromeyeriie,  iii,  79.  Siiivenito,  iii, 
80.  Sulphantimonitea,  Col,  Kakins, 
vi,  450.  Sulpholmlite,  vi,  463.  Sul- 
phur, Dana,  ii.  389.  Sussoxite,  N. 
J.,  anal,  vi,  323. 

Talc,  composition,  xl,  306.  Tamaru- 
gite,  xl,  258.  Tephrowillemite,  N. 
J.,  Koenig,  viii,  329.  Tetradymite, 
Arizona,  xl,  114.  Tetrahedrite,  i, 
229.  Thenardite,  Verde  Valley, 
Arizona,  ix,  44;  Cal,  vii,  235. 
Thoro-gummite,  viii,  480.  Topaz, 
Mexico,  iii,  507  ;  in  rhyolite,  i,  432  ; 
of  Utah,  iii  140.  Tourmaline,  iii, 
160,  506;  analysis  and  composition 
of,  V,  35:  black,  N.  C,  li,  205; 
brown,  N.  Y.,  vii,  237 ;  locality  in 
Maine,  i,  75.  Trona,  see  Urao. 
Turquois,  New  Mexico,  ii,  211. 
Tyroliie,  v,  300;  Utah,  ix,  271. 

Uintahite,  i,  231.  Ulexite,  anal,  iv, 
264.  Uraninite,  iv,  73;  vi,  295; 
composition  of,  Hillebrand,  viii,  329, 
495 ;  xl,  384.  Urao,  anal,  viii, 
59 ;  (Trona),  crystallization,  viii, 
65.  Utahite  (?),  New  Mexico,  xl, 
203. 

Vanadinite,  i,  230;  Arizona  and  New 
Mexico,  il  441.  Vcrmiculiie,  ii, 
375.    Vermiculites,  composition,  xl, 
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462.     Vesuvianite,  Mass.,  vi,   167. 
Vivianite,  Tenn.,  xl,  120. 
Warrenite,    ix,    74.     Washingtonite, 
Coon.,  iv,  407.     Webskyite,  iv,  72, 
Weibyeite,    xl,     176.      Wulfenite, 
Sing  Sing.  N.  Y  ,  ix,  169.    WurtzU- 
ite,  ix,  160. 
Xanthitane,  anal.,  y,  418.     Xenotime, 
ii,  206,   iii,   161;   New  York  City, 
vi,  380;  N.  C,  vi,  381,  382.     Xen- 
otime-zlrcon,  N.  C,  vi,  381,  382. 
Yttrialite,  viii,  477. 
Zincite,  iii,  388.     Zinkenite,  iii,  287. 
Zircon,  N.Carolina,  vi,  73;  xl,  116. 
Mio^raux  des  rochea,  M.  L6vy  et  La- 

croix,  xl,  269. 
Minnesota,  geol.  reports,  1885,  iii,  169 ; 
1886,  V,  84;   1887.  v,  600;   vii,  231, 
497;   1888,  ix,  67. 
Mirror,  method  of  rotating,  Oettingeo, 

ix,  317. 
Mitchell  Scientific  Society,  i,  480. 
Missouri,  geol.  report,  ix,  72,  520. 
Mixter,  W.  G.,  Elementary  Chemistry, 

vii,  409. 
Molecular  structure  and  light-absorption, 

i,  58. 
Molecule,  silver,  size  of,  iv,  228. 
Molecules,  size  of,  Jager,  v,  492. 
Moler,  G.  S.,  vibrations  of  cords,  etc., 

vi,  337. 
Moon's  surface,  ii,  326. 

temperature,  Langley,  viii,  421. 
Moraine,  see  Glacial. 
Moreland,  S.  T.,  action  of  magnets  on 

liquids,  iv,  227. 
Morley,  E.  W.,  influence  of  motion  of 
medium  on  velocity  of  light,  i,  377. 

moisture  in  a  gas  after  drying  by 
pliosphorus  pentoxifie.  iv,  199;  rela- 
tive motion  of  earth  and  luminiferous 
ether,  iv,  3.33  ;  wave-length  of  sodium 
light,  iv,  427. 

feasibility  of  establishing  a   light- 
wave as  ultimate  standard  of  length, 
viii,  181. 
Morley  and  Muir,  Watts's  Dictionary  of 

Chemistry,  viii,  409. 
Morphologiral  monographs,  iv,  76. 
Morpliology,  Journal  of,  iii.  84:  iv,  411; 

vi,  liOoTvii,  502. 
Moroi)^.  T.,  journey  in  S.  A.,  vii,  321. 
Mountain  slides.  Tri pyramid,  i,  404. 
Midler,  F.  von,  Myoporineous  Plants  of 
Australia,  iii,  164  ;  Key  to  the  System 
of  Victorian  Plants,  vii,  416. 
Munroe.  U.  K.,  etVects  of  detonation  of 

gun-cotton,  vi,  48. 
Muir,  Treatise  on  Principles  of  Chemis- 
try, viii,  410. 


Muter,    J.,    Analytical     Chemistry,   ?, 

261. 
Murray,  J.,  bottom  deposits  from  Blake 

dredgings,  i,  221. 
Museum  of  Comp.  Zoology,  Bulletin,  iii. 
166. 

of  Natural  History,  American,  Bul- 
letin, iii,  83,  423;   viii,  78. 

National   proceedings,   vol.  x,  viu 
421;   viii,  498. 
Musical  sand,  Sinai,  Bolton,  ix,  151. 
tones  by  means  of  unlike  formed 
waves,  Konig,  ix,  399. 


Nason,  F.  L.,  vertebrate  fossil  beds  in 

Honduras,  iv.  496 ;  localities  of  New 

York  minerals,  vii,  237 ;    camptonite 

from  Vermont,  viii,  229. 

Nathorst,  Nomenclature  of  fossil  Leaves. 

i.  236. 
Natural   History  Society,   New  Bruns- 
wick, Bulletin,  No.  vii,  vi,  160;  Tren- 
ton, Journal  of,  vi,  160. 
Nebraska,  geol.  report,  ii,  321. 
Nebula,  Nova  Andromedae,  Hall,  i,  299; 
in  the  Pleiades,  i,  318. 

Orion,  spectrum,  Huggins,  viii,  170; 
xl,  173. 
Neumayr,  M.,   Die  Stamme   der  Thier- 
reichs,  Bd.  I,  vii,  235. 
Obituary,  ix,'326. 
Newberry,  J.  S.,  adaptation  In  Cicada,  i, 
316. 

Cretaceous  Flora,  ii,  77. 
N.  America  in  Ice  period,  iu,  77. 
now  fossil  fishes,  v,  498. 
Fauna  and  Flora  of  N.  J.  and  Cono. 
Valley  Trias,    vi,  70;    Rha?tic  plants 
from  Honduras,  vi,  342. 

Fossil  Fishes  and  Fossil  Plants  of 
the  Triassic  Rocks  of  N.  .1.  and  Conn. 
Valley,  viii,  77. 

Devonian  plants  from  Ohio,  ix,  71 ; 
notice  of  Woodward's  British  Verte- 
brates, ix.  402. 

Palaeozoic  fishes  of  N.  A.,  xl.  i.*).') 
Newcomb,  S.,  velocity  of   light,   i,  62; 
speed  of  propagation  of   Charleston 
earthquake,  v,  I. 
Newell,  J.  H.,  Outlines  of   Lessons  in 

Botany,  Pt.  I,  vii,  419. 
New  Jersey,  geographic  development  cf 
northern,  Davis  and  Wood,  ix,  4n4. 

geoL  reports,  1885,  iii,  79;  18S6, 
iv,  71 ;  1887,  vi,  71  ;  final  report  vol. 
I,  vii,  232. 

.  plants  of,  Britton,  xl,  171. 
New  South  Wales,  publications  of  Royal 
Society  of,  i,  165;  iii,  85;  xl,  342.' 
See  Otology. 
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Newton.  H.  A..  astroDomical  notices,  i, 

78, 169,  318,  406 ;  Biela's  comet,  i,  81 ; 

Biela  meteors  of  Nov.  27,  1885,  i,  409. 

astronomical  notices,  iii,  428. 

relation  of  orbits  of  meteorites  to 

the  earth's  orbit,  vi,  1 . 

astronomical  notice,  viii,  170. 
memorial  address  of  Elias  Loomis, 
ix,   427;   orbit  of  Iowa   meteor,   ix, 
522. 
New  York,  geol.  reports,  i,  311 ;  v,  85, 

499;  ix,  155. 
Nichols,  K.  L.,  chemical  behavior  of  iron 
in  magnetic  field,  i,  272. 

destruction  of  passivity  of  iron  in 
nitric  acid,  iv,  419. 

electromotive  force  of  magnetiza- 
tion, V,  290. 

direction  and  velocity  of  electric 
current,  vii,  103. 

spectro-photometric  comparison  of 
sources  of  artificial  illumination,  viii, 
100. 

electrical   resistance    of    alloys   of 
ferromanganese  and  copper,  ix,  47 1 . 
Nicholson,  U.  A.,  Manual  of  Palaeontol- 
ogy, ix.  239. 
Nipher,  F.  £.,  isodynamic  surfaces  of 
compound  pendulum,  i,  22  ;  theory  of 
magnetic  measurements,  iii.  84;  non- 
condensing  steam  engine,  viii,  281. 
Nitrification  of  ammonia,  Schlcesing,  ix, 

162. 
Noe,  G.  de  la,  Les  Formes  du  Terrain, 

vi,  380. 
Norway,  Geology  of,  Reusch,  vii,  498. 
Nystrom,  Pocket  Book  of  Mechanics  and 
Engineering,  iv,  412. 


Obituary — 

Abich,  Herman,  ii,  246.  Ashbumer, 
C.  A.,  ix,  166. 

Baird,  Spencer  F.,  iv,  240,  319.  Bar- 
nard, F.  A.  P.,  vii,  504.  Boissier, 
Edmond,  i,  20.  Booth,  James  C, 
V,  346.    Boott,  Wm.,  iv,  1 60 ;  v,  262. 

Campbell,  John  L.,  i,  240.  Chamber- 
lin.  Benjamin  B.,  vi,  396.  Clarke, 
Alvan,  iv,  322.  Clausius,  R.,  vi, 
304.  Clinton,  George  W.,  i.  17. 
Coffin,  J.  H.  C,  ix,  246.  Cook, 
George  H.,  viii,  336,  498.  Crane, 
John  Huntington,  ix.  246. 

Debray,  Henri,  vi,  302.  Dechen, 
Heiurich  von,  vii,  422.  Deslong- 
champs,  Eugene  E.,  ix,  326.  Dra- 
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Ocean,  bottom  deposits  off  American 
coast,  Murray,  i,  221. 

bathymetric   map,    Dana,  vii,   192, 
242. 

cracor  in  bottom,  near  the  Canaries, 
i,  226. 

depths  of  South  Pacific,  ix,  412. 

Oceanic  depression,  deep  troughs  and 
topography  of,  Dana,  vii,  192,  242; 
near  Tongatabu  in  the  Pacific,  vii,  420. 

Ohio,  geol.  reports,  ii,  241 ;  vi,  68. 

Ohm,  changes  in  the,  iv,  228  ;  re-deter- 
mination of,  Jones,  xl,  419< 

Ohm's  law,  experimental  proof,  Mayer, 
xl,  12. 

Oldham,  wind-drift  scratches  in  India, 
vii,  413. 
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Oppolzer,  C.  d\  Traite  de  la  determina- 
tion des  orbites,  i,  480. 

Optical  Hugles,  estimation,  Lane,  ix,  53. 

Optometer,  spectroscopic,  i,  60. 

Oregon,  surface  geology,  Biddie,  v,  476. 

Ores,  see  Geology. 
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und  Doderlein,  ix,  240. 

Paleontology,  Manual,  Nicholson  and 
Lydekker.Jx.   2;{9. 
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bertrandite,  Mt.  Antero,  Col.,vi52; 
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rite  crystals,  French  Cr.,  Pa.,  vii,  2U9: 
crystallized  bertrandite.  Me.  and  CoL, 
vii,  213  ;  etching  of  quartz,  vii,  401. 
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kansas and  Texas,  viii.  468. 
Penzig,  0.,  Studi  botanic!,  etc.,  iv,  494. 
Perkins,   C.    A ,    vapor   tension  of  sul- 
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ods of  Copper  Smelting,  v,  88. 
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Phosphoro-photographs,  Lommel,xI,  330. 
Photo^rraphic  dry  plates,  effect  of  stain- 
ing upou.  Til,  76:  figures  produced  by 
electric  action  on,  vii,  226. 
hales,  suppression  of,  ix,  620. 
lens,  2ienger,  viii,  491. 
Photography  applied  to  flight  of  birds, 
iv,  399. 

Chemistry  of,  Meldola,  viii,  265. 
instantaneous,  ii,  481. 
of  oscillating  electric  sparks.  Boys, 
zl,  331. 

orthochromatic  vii,  229. 
by  phosphorescence,  iii,  307. 
pin-hole,  Rayleigh,  viii,  491. 
relation  of  silver  salts  to,  see  Silver 
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surface  tension  studied  by.  ix,  519. 
by  vital  phosphorescence,  iv,  311. 
Photometer,  Pritchard's  wedge,  iv,  401. 
Piauo.  time  of  contact  between  hammer 

and  string  in,  Weed,  ii,  366. 
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Planchon,  J.  H!.,  Ampelideae,  iv.  490. 
Planetary  bodies,  law  of  densities,  viii, 

393. 
Planets,  discovery  of  small,  v,  505. 

relation  of  asteroid  orbits  to  those 
of  Jupiter,  i,  318. 
Platinum,  action  of,  on  gases,  iv,  .64; 
and  silver,  comparison  of  radiations 
from  melting,  iv,  227. 
Polar  expedition  to  Point  Barrow,  Re- 
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Polarization,  circular,  of  tartrate  solu- 
tions. Long.  I,  vi,  351;  II,  viii,  264; 
in,  xl,  275. 

by  double  image  prisms,  iii,  237. 
galvanic,  Warburg,  ix,  66. 
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Poulton,   K.  B.,  gilded  chrysalides,  iu, 

321. 
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336. 
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V,  79. 

Purves,  E.  C,  Geology  of  Antigua,  i, 
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Quicksilver  pump,  new,  iii,  161. 
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Radiant  energy,  history  of,  Langley,  vii, 

1.     See  Energy. 
Radiation  in  absolute  measure,  v,  77. 
electric,   concentration    by    lenses. 
Lodge  and  Howard,  viii,  75. 
measurement  of,  Hutchins,  iv,  466. 
from  melting  platinum  and  silver, 
iv,  227. 

solar,  influence  on  electrical  phe- 
nomena in  atmosphere  of  earth,  Ar- 
rhenius,  viii,  161. 

thermal,  law  of,  Ferrel,  viii,  3;  ix, 
1H7. 
Radiophone,  electro-chemical.  Chaperon 

and  Mercadier,  vi,  163. 
Radlkofer,   L.,   Serjania  Sapindacearum 
Genus,  monographic  descrintion,   iv, 
493. 
Rath,  G.  vom,  N.  Carolina  minerals,  iii, 

159. 
Rattan,  V.,  West  Coast  Botany,  iii,  319. 
Rayleigh,  Light  and  Electricity,  vi,  *468 ; 

composition  of  water,  vii,  492. 
Rays,  ultra-violet,  disintegration  of  sur- 
faces by  means  of,  Lenard  and  Wolf, 
viii,  247. 

See  Light,  Spectrum. 
Reado,  T.  M.,  submarine  crater  in  the 
Atlantic  near  the   Canaries,  i,   226 ; 
Origin  of  Mountain  Ranges,  iii,  240  ; 
mountain  making,  v,  416;    origin  of 
normal  faults,  ix,  51. 
Reed,  A.  Z.,  K volution  versus  Involu- 
tion, i,  317. 
Refraciion,  double,  in  Iceland  spar,  Has- 
tings, V.  60. 

produced  by  metallic  films,  i, 
390. 
on  electrical  theory,  Gibbs,  v,  467. 
Refractive  indices,  variation  with  tem- 
perature, i,  50. 
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Reflection  and  refraction,  apparatus  to 
illustrate,  v,  332. 

selective  of   metals,   Rubens,   viii, 
162. 
Reid,  H.  F.,  theory  of  the  bolometer,  v, 

160. 
Renevicr,  fossils  in  the  Alps,  v,  80. 
Resistance  of  alloys  of  ferro-manganese 
and  copper,  Nichols,  ix,  471. 

B.  A.,  unit  of,  Duncan,  Wilkes  and 
Hutchinson,  viii.  230. 

electrical,  of  antimouy  and  cobalt,^ 
iv,   161. 

internal,  of  batteries,  measurement 
of,  Peiroe  and  Willson,  viii.  465. 
measurements  of,  Feussner,  ix,  317. 
unit  of,  see  Ohm. 
Reusch,  H.,  Bomeloen  og  Karmoen,  vii, 

498. 
Reyer,    E.,   Theoretische    Geologie,   vi, 

389. 
Rhode  Islaud,  Geology,  v,  415. 
Rice,  W.  N.,  trap  and  sandstone  in  gorge 

of  Farmiugton  River,  Conn.,  ii,  430. 
Richards.    R.   H ,   zoetrope  applied    lo 
crystallographic    transformations,    ii, 
164. 
Richter,  V.  von,  Inorganic  Chemistry, 

V.  251. 
Richthofen,  F.  F.  von,  Atlas  von  China. 

i,  71. 
Riddle,  R.  N.,  crvstallized  tungsten,  viii, 

IGO. 
Riggs.  R.  B..  meteoric  irons,  iv,  59 ;  so- 
called  Hiirlem  indicolite,  iv.  406 ;  com- 
position of  tounnaline,  v.  35. 
Robertson,   J.    L).,   zinc   .sulphide    from 

Cherokee  Co.,  Kansas,  xl,  IGO. 
Robinson,  F.  C,  clay  from  Farrnington, 
Me.,  iv,  407;  supposed  meteorite  of 
Northford.  Me,  v,  212. 
Robinson,  B.  L ,  stem  structure  of  lodes 

Tomentilla,  ix.  407. 
Rock-forming  minerals,  Rutley,  vi,  295. 
Rocks — 

alianite  and   epidote.   paragenesis   of 

i!i  rocks,  llobbs,  viti,  22H. 
andesites,  ii.  28. 
Archaean    and    Huronian,    Winchell, 

viii,  497. 
augite-svenites,  Irving's,    Baylev,  vii, 

54. 
basalt,  ii,  27. 

of  dikes  in  central    Appalachian 
Virginia,  Darton,  Diller,  ix.  2G9. 
ba9alti(?  lavas   of  Sandwich    Islands, 

E.  8.  Dana,  vii,  441. 
camptonite   of    Havves,  new   locality, 

Nason,  viii,  229. 
columnar    structure,    N.   Jersey,    Id- 
dings,  i,  321. 


Rocks — 
conglomerates,  origip  of,  ii,  324. 
cordierite  gneiss,  Uonn.,  Hovey,  vi,  57. 
Gortlandt  series.  G.  H.  WiUiams,  i,  26, 

iii,  135,   191,  243,  v,  438,  vi,  254; 

Kemp,  vi,  247. 
crystalline,  of  Rainy  Lake  Region,  iil 

473. 
dacite.  ii,  29. 

diorite  dike,  N.  Y.,  Kemp,  v,  331. 
diorites,   "Gortlandt   Series,"  N.  Y., 

Williams,  v,  438. 
eruptive  Tertiary,  granitic  stracturein, 

iii,  315. 
of  Fernando  de  Noronha,  WiUiame, 

vii,  178;  Branner,  ix,  247. 
fulgurite,  Mt  Blanc,  i,  75 ;  lit.  Yiao, 

vii,  414. 
budsonite,  Williams,  i,  29. 
Hussak,  on  determination  of,  i,  156. 
gabbros,  *' Cortland t  Series,"  N.  Y., 

Williams,  v,  438. 
Igneous,  Great  Britain,  Teall,  vi,  154. 
of  Krakatoa,  Judd,  vi,  471. 
lavas,  lamination  of  acid,  Iddings.  iii, 

36. 
leucite-phonolite    in    Wyoming   Ter., 

Hague,  viii,  43. 
L^vy-Lacroix,  Minora ux  des  Roches, 

vii,  414. 
metamorphic  origin  of  California  Cre- 
taceous, etc.,  Diller,  i,  348. 
metamorphism,  Dana,  ii,  69;   Irving. 

viii,  493. 
Microscopical  Physiography,  Iddings- 

Rosenbusch,  vi,  471. 
minerals  in,  Levy,  vii,  414. 
monazite    as   an   element    in.   Derbv, 

vii,  109. 
norites.   near  Peekskill,    N.   Y ,  Wil- 
liams, iii,  135,  191,  243. 
ophioiite.  N.  Y.,  Merrill,  vii.  189. 
ophiolitic  and  basic,  of  Italy,  etc.,  it 

2.^9. 
peridotite,  augitcs  in,  Merrill,  v,  488; 

Arkansas,    Branner   and    Brackeit 

viii.    50;    of   Kentucky,    Diller,   il 

121;  vii,  219;  near  Peekskill,  V\'il- 

hams,  i,  26. 
of  Pigeon  Pi.,  Minn.,  Baylev,  vii,  54. 

ix,  273. 
porphyrite   bosses   in   N.    J.,    Kemp, 

viii,  130. 
porphyritio  structure,  Dana,  ii,  71, 
quartzite  consolidated  by  enlargement 

of    grains,    i,    225;    spotted,    from 

Minn.,  Bayley,  v,  388. 
quartz-keratophyre,     Minn.,     Bayley, 

vii,  54. 
quartzose  basalt.  Northern  California. 

Diller,  iii,  45. 
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Rosenbusch's  tables,  vii,  414. 
rhyolite,  topaz  and  garnet  in,  Cross,  i, 

432. 
Rutley,  rock-forming  minerals,  vi,  295. 
sandstones,  pumiceous,  Pliocene,  Mer- 
rill, ii,  199:    seolian,  Fernando  de 
Noronha,  Branner,  ix,  24 1. 
scapolite-rock  in  N.  J.  Arcbsean,  Na- 

son,  ix,  40t. 
Smith,  E.  Q.f  translation  of  Hussak,  i, 

156. 
soda-granite  of  Pigeon  Point,  Bayley, 

ix,  273. 
texture  of  massive,  Becker,  iii,  50. 
volcanic  of  tbe  Bala  series,  of  Caer- 
narvonshire and  associated  rocks, 
Barker,  ix,  406. 

of  Salvador,  Hague  and  Iddings, 
ii.  26.  • 

Rock  wood,  C.  G.,  American  earthquakes, 
ii,  7;  Charleston  earthquake,  iii,  71; 
Japanese  seismic  survey,  iv,  68. 

Rocky  Mountain  protaxis,  Dana,  xl,  181. 

Roomer,  P.,  Fauna  der  Kreide  von  Texas, 
vii,  318. 

Rolleston,  Forms  of  Animal  Life,  v,  504. 

Rominger,  C,  Primordial  fossils,  Canada, 
iv,  490. 

Rood,  0.  N..  notice  of  Einbom's  Force 
function  in  Crystals,  i,  69. 

Rosa,  E.  B.,  determination  of  the  ratio 
of  electromagneiic  to  electrostatic 
unit,  viii,  298. 

Roscoe,  H.  E.,  polymerization  of  hydro- 
carbons, ii.  76;  on  the  Daltonian 
atoms,  iv,  315. 

Rose,  J.  N.,  Revision  of  N.  A,  Umbel- 
liferse,  vii,  417. 

Rosenbuscb,  H.,  Microscopical  Physio- 
graphy, translation  by  Iddings.  vi, 
47 1 ;  Hulfstabellen  zur  mikroskopi- 
schen  Mineralbestimmung  in  Qes- 
teiuen,  vii,  414. 

Roth,  J.,  Geologic,  i,  405;  v,  257. 

Rowland,  H.  A.,  relative  wave-length  of 
lines  of  solar  spectrum,  iii,  182 ;  water 
battery,  iii.  147;  effect  of  magnet  on 
chemical  action,  vi,  39;  ratio  of  elec- 
tromagnetic to  electrostatic  unit  of 
electricity,  viii.  289. 

Russell,  L  C,  Glaciers  in  U.  S.,  i,  310; 
Geological  History  of  Lake  Lahontan, 
iii,  242  :  subaerial  decay  of  rocks  and 
origin  of  red  color  of  certain  forma- 
tions, ix,  317  ;  Quaternary  history  of 
Mono  Valley,  Cal.,  ix,  402. 

Russell,  T.,  prediction  of  cold-waves,  xl, 
463. 

Rucker,  velocity  of  sound,  v,  262. 

Runge,  C,  iron  spectrum,  vii,  495. 


Rutley,  F.,  devitrified  glass,  ii,  78 ;  Rock- 
forming  Minerals,  vi,  295;  fiilgurite 
of  Mt.  Viso,  vii,  414. 

s 

Sabine,  W.  C,  steam  in  spectrum  analy- 
sis, vii,  114. 

Sachs,  J.  von.  Physiology  of  Plants,  iv, 
410. 

Saint-Lager,  ancient  herbaria,  ii,  79;  no- 
menclature, ii,  485. 

Salisbury,  R.  D.,  terminal  moraines  in 
Germany,  v,  401. 

Salt,  rock,  dispersion  of,  iv,  67. 

Sand,  sonorous,  of  Sinai,  Bolton,  ix,  151. 

Sand-transportation  by  rivers,  Graham, 
xl,  476. 

Sandmeyer,  hypochlorites  of  ethyl  and 
methyl,  ii,  74. 

Sandwich  Islands,  see  Hawaiian, 

Sargent,  C.  8^.,  journey  of  A.  Micbaux 
to  the  mountains  of  Carolina,  ii,  466 ; 
Scientific  Papers  of  A.  Gray,  viii, 
419. 

Saussure,  H.  B.,  monument  to,  ii,  246. 

Scandinavia,  geological  map,  ix,  52 1 . 

Schermerbom,  L.  Y.,  physical  character- 
istics of  the  Great  Lakes,  iii,  278. 

Schmidt,  A.,  Geologic  des  Munsterthals, 
V,  346;  ix,  72. 

Schneider,  B.  A.,  analysis  of  soil  from 
Washington  Terr.,  vi,  236;  constitu- 
tion of  natural  silicates,  xl,  803,  405, 
452. 

Schott,  C.  A.,  magnetic  dip  in  N.  Amer- 
ica, iii,  430. 

Schulten,  A.  de,  artificial  minerals,  i,  31 1. 

Schumann,  C,  Flora  Braailiensip,  ii,  1 66. 

Schumann,  M.,  criticism  of  Morley  on 
the  amount  of  oxygen  in  air,  iv,  67. 

Schuster,  A.,  diurnal  variation  of  terres- 
trial magnetism,  ix,  411. 

Scientific  method,  inculcation  of,  Gilbert, 
i,  384. 

Scudder,  N.  P.,  Isaac  Lea  Bibliography, 
i,  239. 

Scudder,  S.  H.,  Carboniferous  Arachni- 
dan,  i,  310;  Uebersicht  der  fossiler 
Insecten,  i,  403. 

Scott,  W.  B.,  new  Dinocerata,  i,  303; 
Mammalia  of  the  Uinta  formation,  ix, 
403. 

Searaon.  W.  H.,  zinciferous  cla^^s  of 
southwest  Missouri,  ix,  38. 

Searle,  A.,  zodiacal  light,  i,  159. 

Sedgwick  and  Murchison,  Dana,  ix,  167, 
235. 

Seely,  H.  M.,  Strephochetus,  ii,  31;  Cal- 
ciferous  formation  in  the  Charaplain 
Valley,  ix,  235. 

Seismic  survey,  Tokio,  iv,  68. 
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Seiamological  inyestigfations,  ▼,  97. 
See  Earthquakes. 

Selwjn,  A.  R.  C,  tracks  in  rocks  of  the 
Animikie  group,  iz,  145. 

Seymour,  A.  B.,  ludex  of  the  Fungi  of 
U.  &,  vii,  79. 

Shaefer,  A.  W.,  Pennsylvania  Geology, 
i,  227. 

Shaler,  N.  S.,  geology  of  Cobsoook  Bay. 
ii,  35 ;  fluviatile  swamps  of  New  Eng- 
land, iii,  210 :  Cambrian  of  Bristol  Co., 
Mass.,  vii,  76;  Martha's  Vineyard, 
vii,  502. 

Shea,  D.  W.,  calibration  of  an  electrom- 
eter, V,  204. 

^eldon,  S.,  magnetism  of  nickel  and 
tungsten  alloys,  viii,  462 ;  neutralisa- 
tion of  induction,  iz,  17;  magneto- 
optical  generation  of  electricity,  xl, 
196. 

Shepard,  J.  H.,  Inorganic  Chemistry,  i, 
221. 

Sherburn,  C.  D.,  Bibliography  of  Foram- 
inifera,  vi,  295. 

Sherman,  0.  T.,  spectrum  of  comet  C, 
1886,  ii,  157;  atmosphere  of  fi  Lyrae, 
iii,  126. 

Sliufeldt.  R.  W  ,  Outlines  for  a  Museum 
of  Anatomy,  i,  408. 

Silver  in  volcanic  ash,  iv,  159. 
See  Chemistry. 

Sky,  blue  color  of,  Crova,  viii,  491. 

Slag  bavinp  composition  of  fayalito,  i, 
40.5. 

Smith,  E.  G .  Rock-forming  minerals,  i, 
156;  pseudomorphs  of  limoniie  after 
pyrite,  i.  376. 

Smith,  J.  D,  Enumeratio  Plantanim 
Gnatamalensium.  etc.,  Ft.  I,  vii,  419. 

Smith.  R  H  ,  Graphics,  vii,  504. 

Smith,  S  ,  list  of  dre^gin^  stations  in  N. 
American  waters,  from  1867-1887, 
vii,  420. 

Smith.  S.  I.,  obituary  notice  of  0.  Harger, 
V,  425. 

Smith,  W.  B.,  crystal  beds  of  Topaz 
Butte,  iii.  134. 

Smithsonian  Institution,  Annual  Report, 

vi,  78. 
Snow,  eotiduciivity.  etc..  of,  ii,  481. 
Soil,  nitrifying  organisms  in,  iii,  420. 
.<oils,  fixation  of  nitrogen  in.  i,  391. 
Solar  corona.  Bigelow,  xl.  343. 

See  Sun  and  Spectrum. 
Solids,  How  of.   Hallock,  iv,  277;  v,  78; 
vi,  r>l);  criticism  of  Kaliock,  v,  78; 

powdered,  compression  of.  Spring,  vi, 

28(5 ;   viscosity.  Harus,  vi,  178;  chem. 

action  >>elween,  Hallock,  vii,  402. 
Sohnis-Laubach,  G.  zu,  Kinleitung  in  die 

Palaophytologie,  etc.,  vi,  72. 


Solubility  and  fusibility,  Yi,  383. 
Solutions,  blue,  absorption  spectra. 
Pitcher,  vi,  332 ;  character  of,  iv,  483; 
zl,  1 63 ;  concentration  by  gravity,  t. 
75;  tartrate  circular  polarization. 
Long,  vi,  351,  viii,  2«4,  xl,  275. 
Sound,  diffraction  of,  Stevens,  vii,  257. 

velocity  of,  v.  252,  495. 
South    America,  geology   of    northern, 
Karsten,  ix,  319. 

Carolma,  geoL  report,  i,  73. 
Spectra,  absorption,  v,  412. 

of  blue  solutions,  Pitcher,  vi 
332. 

of  liquid  oxygen  and  liquefied 
air,  iv,  63. 

of  mixed  liquids,  Bostwick.  vii, 
471. 
of  chemical  elements,  structure  of, 
Rydberg,  ix,  400. 

coincidence  between  lines  of  differ- 
ent, Love,  V,  252  ;  Runge,  xl,  1 65. 
heat-,  invisible,  Langley,  i,  1. 
of  hydrogen,  oxygen  and  water  va- 
pors, iv,  399. 

influence  of  light-producing  layers 
upon,  V,  253. 
metallic,  Hutchins,  vii,  474. 
photographic  study  of  stellar,  i,  407. 
ultra  violet,  of  metalloids,  Deslan- 
dres.  vi,  388. 
See  Spectrum. 
Spectral  lines,  distinction  t)etween  solar 

and  terrestrial,  iii,  70. 
Spectro-photometric  comparison  of  hght, 

Nichols  and  Franklin,  viii,  100. 
Spectroscope,    Index    to    Literature  of, 
Tuckerman.  vi,  303.  388. 

new  photographic,  Ihitchios,  iv,  58. 
new  universal  chemical,  iii,  67. 
Spectroscopic  optometer,  i.  60. 
Spectrum,  absorption  of  oxygon,  vii.  224. 
analysis.  Gnmwald's  hypothesis,  vi. 
67. 

steam  in,  Trowbridge  and  Sa- 
bine, vii,  114. 

use  of  interference   fringes,  v. 
495. 
of  aqueous  vapor,  mountain  study 
of,  Cook,  ix,  258. 

aurora,  wave-length  of  principal  line 
in,  Muggins,  viii.  75. 
of  cadmium,  i,  426. 
carbon,  Kayser  A  Runge.  viii,  411. 
of  comet  C,  1886,  Sherman,  ii.  157. 
of  cyanogen  and  carbon,  vii,  227. 
of  gases  at  low  temperature,  Koch, 
viii,  491. 

of  hydrogen,  Thomas  and  Trepied, 
viii,  491. 

infra  red  solar,  Abney,  vi,  291. 
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Spectrum  inyisible  solar  and  lunar,  Lang> 
ley,  vi,  397. 

of  iroD,  yii,  496. 
of  magnesium,  vii,  406. 
maps  of  ultra  violet,  Pickering,  ii, 
223. 

nebula  in  Orion,  Huggins,  viii,  170; 
xl,  173. 

of  oxygen,  Janssen.   vi,  385 ;    yii, 
224. 

potassium,  wave  lengths  of  red-lines, 
V.  413;  vi,  467. 
of  rare  earths,  Crookes,  viii,  486. 
of  Sirius,  xl,  176. 
solar,  i,  319. 

light,  intensity  in,  v,  77. 
oxygen  lines  in,  vii,  76. 
photographic  map  of,  vii,  240. 
photography  of  invisible  por- 
tions of,  Zeoger,  viii,  411. 

relative  wave-length  in  lines  of, 
Rowland,  iii,  182. 
ultra  red,  i,  150. 

unrecognized  wave-lengths,    Lang- 
ley,  ii,  83. 
of  C  Ursa  Majoris,  Pickering,  ix,  46. 
use  of  induction  sparks  in  studying, 
i,  218. 

See  Spectra. 
Spencer,  J.,  Sound,  Light  and  Heat,  xl, 
495;   Magnetism  and  Klectricity,  xl, 
495. 
Spencer,  J.  W.,  deformation  of  Iroquois 
Beach  and  birth  of  Lake  Ontario,  xl, 
443. 
Sperry,  E.  S.,  composition  of  howlite, 

IV,  220  ;  mineralogical  notes,  vi,  317. 
Sperry,  P.  L.,  pseudomorphs  of  garnet, 

ii,  307 ;  triclinic  feldspars,  iv,  390. 

Spherometer,  well-,  Mayer,  ii,  61. 

Spring,  W.,  criticism  of  Hallock  on  flow 
of  solids,  V,  78  ;  compression  of  pow- 
dered solids,  vi,  286. 

Springer,  F.,  Revision  of  Palseocrinoidea. 
ii,  410;  morphological  relations  of 
summit-plates  in  Blastoids,  Crinoids 
and  Cystids,  iv,  232. 

Spruce,  R.,  HepaticsB  Amaznnicse,  i,  238. 

Squinabol,  S.,  contribuzioni  alia  Flora 
Fossile  dei  Terreni  Terziarii  della 
Ligurio:  I-II,  ix,  72. 

Stalagmometer  and  quantitative  analysis, 

V,  248. 

Stammer,  K.,  Chemical  Problems,  i,  221. 
Stars,  fixed,  parallaxes  of,  viii,  329. 

photographic  determinations  of  posi- 
tions, Gould,  ii,  369. 

Uranometria  Oxoniensis,  i,  3 1 7. 
See  Speetrtim. 
Steam  calorimeter,  Wirtz,  xl,  329. 
electrified,  yii,  316. 


Steam  engine,  output  as  a  function  of 
speed  and  pressure,  Nipher,  viii,  281. 

Steel,  behavior  of  under  magnetic  forces, 
iii,  422 ;  viscosity  and  temper  of,  Barus 
and  Strouhal,  iii,  20,  308. 

effect  of  magnetization  on  viscosity 
and  rigidity  of.  Barns,  iv,  175. 

effect  of  silicon  on  properties  of,  iii, 
509. 

hydro-electric  effect  of  temper, 
Barus  and  Strouhal,  ii,  276. 

strain-effect  of  sudden  cooling,  Barus 
and  Strouhal,  i,  439 ;  ii.  181. 

structure  of  tempered,  Barus  and 
Strouhal,  i,  386. 

viscosity  and  its  relation  to  temper, 
Barus  and  Strouhal,  ii,  444. 

viscosity  and  relation  to  tempera- 
ture, Barus,  iv,  1. 

Steen,  A.  S.,  Beobachtungs-Brgebnisse 
der  norwegischen  Polarstation  Bos- 
sekop  in  Altcn,  v,  345. 

Steinroann,  G.,  Elemente  der  Palaontol- 
ogle,  vii,  235;  ix,  420. 

Stellar,  see  Star  and  Spectrum. 

Stenzel,  G.,  genus  Tubicaulis  of  Cotta, 
vui,  164. 

Stevens,  W.  L.,  apparatus  for  demon- 
stration of  reflection  and  refraction,  v, 
332;  sensitive  fiame  as  a  means  of 
research,  vii,  257 ;  microscope  magni- 
fication, xl,  60. 

Stevenson,  J.  J.,  faults  in  southwest 
Virginia,  iii,  2C2;  Lower  Carbonifer- 
ous groups  of  Appalachian  area  in 
Penn.  and  the  Virginias,  iv.  37. 

Stewart,  B.,  Klementary  Practical  Phys- 
ics, vol  ii,  V,  79;   Practical  Physics. 
V,  336. 
I  Stoddard,  J.  T.,  improved  wave  appara- 
tus, ix.  218. 

Stokes,  G.  G.,  Beneficial  Effects  of  Light, 
iv,  401. 

Stone,  G.  II.,  wind  action  in  Maine,  i, 
133;  terminal  moraines  in  Maine,  iii, 
378;  glacial  sediments  of  Maine,  xl, 
122. 

Stone  implement,  New  Comerstown.  0., 
xl,  95. 

Stoney,  G.  J.,  cause  of  iridescence  in 
clouds,  iv,  146. 

Storer,  F.  H,  Agriculture,  iii,  432,  609. 

Strains,  energy  in,  Barus,  vi,  468. 

Strouhal.  V.,  structure  of  tempered  steel, 
i,  386 ;  strain-effect  of  sudden  cooling 
in  glass  and  steel,  i,  439. 

strain-effect  of  sudden  cooling  in 
glass  and  steel,  ii,  181;  hydro-electric 
effect  of  temper  in  steel,  ii,  276 ;  vis- 
cosity of  steel  and  its  relation  to  tem- 
per, ii,  444. 


544 


GENERAL  IKDEX. 


[40 


Strouhal,  Y.,   viscosity  and  temper  of 

steel,  iii,  20. 
Stur,  A.,  Triassic  flora  of  Virginia,  vii, 

496. 
SuesR,  E.,  water  level  in  enclosed  seas, 
iv,  313;  Das  Anlitz  der  Erde,  vol.  ii, 
vi,  72. 
Sun,  carbon  in,  Trowbridge  and  Hutch- 
ins,  iv,  345;  Chemistrjr  of,  Lockyer, 
iv,   228;   elements  in,   Hutchins  and 
HoldCD,  iv,  451. 
heat  of,  iii,  423. 

light  compared   with   electric  arc, 
Langley.  viii,  438. 

oxygen  in,  Trowbridge  and  Hutch- 
ins, iv,  263. 

period  of  rotation  of,  Crew,  viii, 
204. 
rotation  of,  Crew,  v,  151. 
See  Spectrum. 
Swamps,  fluviatile,  New  England,  Shaler, 
iii,  210. 


Tahiti,  erosion  of  and  rocks,  Dana,  ii,  247. 

Tarr,  R.  S.,  topographic  features  of  cen- 
tral Texas,  ix,  306 ;  Lower  Carbonif- 
erous limestone  series  in  central  Texas, 
ix,  404 ;  superimposition  of  the  dram- 
age  in  central  Texas,  xl,  359. 

Taschenberg.  0.,  Bibliothcca  Zoologica, 
II,  iii,  245:  iv,  412;  vii.  80. 

Teall,  J.  J.  EX.,  British  Petrography,  vi, 
154. 

Technological  Quarterly,  iv,  80. 

Telephonic  vibrations,  Kr()hlicli,  viii,  76. 

Telescopo  objectives,  Hastings,  vii,  291. 
and  scale  reading,  simple  modifica- 
tion of  method,  Dubois,  ix,  66. 

Temper,  hydro-electric  effect  of,  in  steel. 
Bams  and  Strouhal,  ii,  27G;  viscosity 
of  8tcel  and  its  relation  to,  Barus  and 
Strouhal,  ii,  441,  iii,  20. 

Temperature,  influence  of,  on  magnetiza- 
tion, V,  253. 
See  I  lent. 

Tension,  superficial,  s^tudied  by  photog- 
raphy, ix,  510. 

Texas,  central,  topographic  features  of, 
Tair.    ix,    300;    Lower  Carboniferous 
of.  ix,  4<)4  ;    drainage  of.  xl,  359. 
<renl.  report,  iii,  73. 
minerals  in  Llano  Co.,  viii,  474. 

Thermo-electricity.  DeCoiidres,  ix,  317. 

Thermometer  bulbs,  effect  of  pressure 
on,  iv,  (\1. 

platinum,  (IrifTiths,  xl,  494. 

Thompson,  S.  P.,  Kleinentary  Lessons 
in  Klcctricity  and  Magnetism,  ix,  235. 

Thorpe.  T.  K.,  Dictionary  of  Applied 
Chemistry,  ix,  519. 


Threads  of  glass,  eta,  production  of  very 
fine,  iv,  311. 

Thurston,  Engine  and  Boiler  Trials,  xl, 
262;  Heat  as  a  form  of  Energy,  xl, 
495. 

Tillman,  S.  E.,  Elementary  Lessons  in 
Heat,  viii,  492. 

Todd,  J.  E.,  Missouri  Coteau,  I  69. 

Todd,  D.  P.,  observations  of  eclipse, 
1887,  in  connection  with  electric  tele- 
graph, iii,  226;  Amer.  Eclipse  Expe- 
dition in  Japan,  vi,  474. 

Topaz  Butte,  crystal  beds  of.  Smith,  iii, 
134. 

Tornado  predictions,  verification  of,  Ha- 
zen,  iv,  127. 

Torrey,  J.,  Jr.,  Iowa  meteorites,  ix.  521 : 
microscopic  structure  of  oolite,  xl,  246 

Torsion,  resistance  of  bars  to,  Dewar. 
▼i,  152. 

Trelease,  W.,  Synoptical  List  of  K. 
American  Species  of  Ceanothus,  vii, 
418. 

Trenton  Natural  History  Society,  Jour- 
nal, i,  406. 

Trowbridge,  J.,  physical  notices,  ii,  480; 
iii,  70,  151.  237,  307.  422  ;  iv,  66,  150. 
227,  309,  399.  484:  v.  77,  251,  337, 
412,  495;  vi,  66,  151,  291,  .387,  467; 
vii,  76,  226,  315,  409,  495 ;  viii,  75. 
161,  246,  410.  491  ;  ix,  66,  153,  233. 
316,  399,  519;   xl,  165.  320. 

oxygen  in  the  sun,  iv,  263;  caH>oa 
in  the  sun,  iv.  345. 

steam  in  .spectrum  analysis,  vii.  114. 
radiant  and  electrical  energy,  viii, 
217;  magnetism  of  nickel  and  tung- 
sten alloys,  viii,  462. 

neutralization  of  induction,  ix.  IT. 

Tschirch,  A.,  Angewandto  Pflnnzenanai- 
omie,  viii,  254. 

Tuckerman,  A.,  Index  to  the  Literature 
of  the  Spectroscope,  vi.  303.  3H8. 

Tuckerman,  F.,  gustatory  organs  of 
Lepus  Americanus,  viii,  277. 

Tuckerman  Memorial  Library,  vi.  4T6. 

Tunzelmann.  G.  W.  de,  Klectricitv  Id 
Modern  Life,  ix,  401. 

Tyrrell,  J.  B.,  naturally  reducoti  iron.  iii. 
73  ;  map  of  Duck  and  Riding  Moun- 
tains, Manitoba,  viii,  78;  Post-teriiarr 
in  Manitoba,  xl,  J38:  Cretaceous  of 
Manitoba,  xl,  227. 


ITlrich,  K.  0..  Palaeontology,  ii,  78. 
Ulrich,   G.    H.   F.,    metallic   iron.   New 

Zealand,  iii,  244. 
Upham,  W.,  upper  beaches  and   delta? 

of  Lake  Ag^ssiz.  v,  86 :  marine  sheIN 

in  the  Boston  tUl,  vii,  359. 
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Valleys*   submanne   on    Pacific    coast, 

DavidBon,  iv,  69. 
Van  Hise,  C.  R..  mica-schists  and  black 
mica-slates  of  Penokee-Gogebic  series, 
i,  453;  enlargements  of  hornblendes 
and  augites  in  rocks,  iii,  385 ;  iron  ores 
of  Penokee-Gogebic  series,  vii,  32. 
Van  Slyke,  L.  L.,  Kilauea  after  eruption 

of  1886,  iii,  9o. 
Vapor  density  below  boiling  point,  iz, 
312;   method,    xl,   415;    tension    of 
sulphuric  acid,  Perkins,  xl,  301. 
Venable,  F.  P.,  new  meteoric  irons,  xl, 

161. 
Very,  F.  W.,  cheapest  form  of  light,  xl, 

97. 
Vibrations,   experiments  with    Hertz's, 
G.  F.  Fitzgerald,  ix,  233.    See  also 
under  Electric. 
telephonic,  Frohlich,  viii,  76. 
transverse,    of    cords    and    wires, 
Moler,  vi,  337. 
Vilmorin,  H.  L.  de,  Alphonse  Lavall^, 

ii,  326. 
Vines,  8.  H..  Physiology  of  Plants,  ii, 
41 1 ;  Practical  lostmction  in  Botany, 
iv,  492. 
Viscosity,  pyrometric  use  of.  Bams,  v, 
407. 

of  solids,  liquids,  gases.  Bams,  ix, 
234. 
Vision,   binocular,    phenomena    of,    Le 

Conte,  iv,  97. 
Volcanic  action,  Dana,  iii,  102 ;  Tertiary, 
in   British    Isles,    Geikie,    vii,   230; 
Judd,  vii,  412. 
emption  in  New  Zealand,  ii,  162. 
glass  changed  to  pumice,  iii,  76. 
mountain,  dissected,  Dana,  ii,  247. 
soils,  Italian,  Ricciardi,  ix,  404. 
Volcanoes — 
Characteristics  of,  with  facts  from  the 

Hawaiian  Islands,  Dana,  ix,  323. 
Barren  Island,  i,  394. 
Hawau,    Alexander,     ii,    235,    236; 
Brigham  and  Lyman,  xl,  335. 

Mauoa  Loa,    in    July,    Mcrritt, 
1888,  vii,  51;  Baker,  vii.  62. 
eruption  of,  iii,  310. 
Mokuaweoweo,  1880,  1885,  Brig- 
ham  and  Alexander,  vi,  33. 
Kilauea,  Dana,  v,  15,  213, 282 ;  Dodge, 
vii.  48  ;  Emerson,  v,  257. 

elevation  of  cone  in,  by  inflowing 
lavas,  Dodge,  iv,  70. 
emption  of,  i,  395. 

after  emption    1886,   Emer- 
son, Van  Slvke  and  Dodge,  iii, 
87;  Dana,  iii,  102,  239,  433. 
history  of,  Dana,  iv,  81,  349. 

6 


Volcanoes — 
Kilauea  in  1880,  Bhgham,  iv,  19. 

and    Mt.    Loa    (Mokuaweoweo), 
Dana,  vi,  14,  81,  90,  167. 

relation  of,  to   Vesuvius,    Dana, 
iii,  102. 
Maui  and  Oaliu.  Dana,  vii,  81 ;  oceauic 

depth  about,  vii,  192. 
Japan,  ii,  233 ;  Baldaisan,  eruption  of, 
Mansrield,  vi,  293;  Kikuchi,  viii, 
247;  xl,  169;  Nina-fu,  emption  of, 
iii,  311. 
Krakatoa,  lavas  of,  v,  341 ;  Judd,  vi, 
471. 

and  in  New  Zealand,   Dana,  vi, 
104. 
submarine  in  Atlantic,  i,  226. 
Western  isles  of  Scotland,  Judd,  viii, 
163. 
Voltaic  balance,  vii,  229. 
Vries,  H.  de,  Planten-physiologie,  i,  314 ; 
glycerin  in  its  relations  to  certain  tis- 
sues, vi,  168. 

w 

Wachsmuth,  0.,  and  F.  Springer,  Palajo- 
crinoidea,  i,  311  ;  Revision  of  Palajo- 
crinoidea,  ii,  410;  niorphological  rela- 
tions of  summit-plates  in  Blastoids, 
Crinoids  and  Cystids,  iv,  232. 

Wachsmuth's  Palseocrinoidea,  review  of, 
iii,   154. 

Wads  worth,  M.  E.,  Ore-deposits,  i,  474. 

Walcott,  C.  D.,  Cambrian  of  North 
America,  ii,  138.  * 

Taconic  System,  iii,  163;  Cambrian 
Faunas  of  N.  America,  iii,  158. 

genus  Archeocyathus  of  Billings, 
iv,  145;  fauna  of  Upper  Taconic  of 
Emmons,  Washington  Co.,  N.  Y.,  iv, 
187. 

Taconic  of  Emmons,  v,  229,  307, 
394. 

Cambrian  fossils  from  Mt.  Stephens, 
vi,   161. 

Olenellus  fauna  in  N.  A.  and 
Europe,  vii,  375;  viii,  29. 

review  of  Dr.  R.  W.  Ells's  Report 
on  Gefology  of  portion  of  Province  of 
Quebec,  ix,  101;  notice  of  N.  Y.  Re- 
port, including  Clarke  on  the  Her- 
cynian  Fauna,  ix,  1 55. 

Waldo,  C.  A.,  Descriptive  Geometry,  v, 
345. 

Waldo,  F.,  recent  contributions  to  mete- 
orology, ix,  280. 

Wallace,  A.  R.,  Darwinism,  viii,  170. 

Wallace,  R.,  India  in  1887,  vi,  302. 

Ward.  L.  F.,  determination  of  fossil 
dicotyledonous  leaves,  i,  370. 

Flora  of  the  Laramie  Group,  iv,  487. 
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Ward,  L.  F.,  notice  of  W.  C.  Williamson 
on  fossil  plants,  v,  256. 

fossil  plants  and  the  Potomac  form- 
ation, yi,  119;  geological  notices,  vi, 
71,  391. 
geological  notices,  viii,  414,  493. 
notice  of  a  paper  on  fossil  plants  of 
British  America,  ix,  520;  of  Fontaine's 
Potomac  Flora,  iz,  520 
Washburn  Observatory,  publications,  i, 

480. 
Washington,  H.  S.,  contributions  to  min- 
eralogy, iii,  501 ;  minerals  from  Utah, 
V,  298. 
Watson,  S.,  Contributions  to  American 

Botany,  vi,  392;  vii,  415 
Water,  analyses  of  geyser,  iv,  174;  level 
in  enclosed  seas,  variations  in,  iv,  313. 
battery,  Rowland,  iii,  147. 
composition,  Rayleigh,  vii,  492. 
electrolysis,  von  Helmholtz,  vi,  293. 
freezing  of  aerated,  iii,  306. 
latent    heat    of    evaporation,   Die- 
terici,  vi,  152. 

spectrum  of,  v,  337. 
weight  of  cubic  inch,  Chaney,  xl, 
495. 
Watts's  Dictionary  of  Chemistry,   viii, 

409. 
Wave-length,  of  red  lines  of  potassium, 

Deslandres,  vi,  467. 
Wave-lengths,  absolute,  iv,  400. 

iSeo  Light. 
Wave-motiou    apparatus,    Stoddard,    ix, 

218. 
Wave,  velocity  of  explosive,  i,  149. 
Waves  in  air  produced   by  projectiles, 
Mach  and  Wentzel,  xl.  419. 

electrical,  in  conductors,  Hertz,  viii, 
246;  see  also  Electric. 

electro-magnetic,  interference,  Fitz- 
gerald, vi,  387. 
Weber,  instrument  for  measuring  heat, 

V,  251. 
Websky.  M.,  Crystallograpliy,  iv,  408. 
Weed,  C.  K..  time  of  contact  between 

hammer  and  strin^^  in  piano,  ii,  366. 
Wee<l,    W.    H.,    foriniition    of  siliceous 
sinter,   vii.    351.    501;    carbonic   acid 
and  other  ga.seous  emanations  of  Death 
Gulch,  ix,  320;   Diatom  beds  and  bogs 
of  Yellowrttone  Park,  ix,  321. 
Wei^^bacll.  A.,  new  minerals,  ii.  163, 
Weiss.  K.,  Comets  (Kahrv  and    Bernard), 

I,  238 
Wells,     U.     L.,    hismutosplucrite    from 
Conn.,  iv.  271. 

new   miiioral,   beryllonite,    vii,    23; 
sperrylit<»,  new  mineral,  vii,  67. 

analyses  of  Branchville  phosphates, 
ix,  201. 


Wells,  H.  L.,  selenium  and  tellurium 
minerals  from  Honduras,  xl,  78. 

Whale,  fossil  in  Quebec,  Kalm,  iii,  242. 

Wheatstone  bridge,  (reneralusaiion  of, 
iii,  238. 

Wheeler,  H.  A.,  temperature  at  Lake 
Superior  mines,  ii,  125;  artificial  lead 
silicate,  ii,  272 ;  plattnerite  from  Idaha 
viii,  79. 

White.  C.  A.,  age  of  coal  in  Rio  Grande 
region,  iii,  18;  relation  of  ood  tempo* 
raneous  fossil  faunas  and  floras,  iii 
364;  review  of  Paleocrinoidea  of 
Wachsmuth  and  Springer,  iii,  154. 
geological  abstract,  iv,  232. 
notice  of  Wachsmuth's  Grinoids.  It, 
232. 

contributions  to  Paleontology  of 
Brazil,  v,  255;  relation  of  Laramie 
g^oup  to  earlier  and  later  formationa, 
V,  432. 

Puget  Group  of  Washington  Terr., 
vi,  443. 

Lower  Cretaceous  of  the  Southwest, 
viii,  440. 

White,  D.,  Cretaceous  plants  from  Mar- 
tha's Vineyard,  iji^  93 ;  notice  of  Feist- 
mantel,  xl,  495. 

White,  I.  C,  gas-wells  on  antidinals,  i. 
393;  Pennsylvania  Geology,  i,  228; 
bowlders  at  high  altitudes  along  some 
Appalachian  rivers,  iv,  374. 

White,J.C.,Dermatit9s  venenata.  iv.4H». 

Whiteavea,  .1.  F.,  Fishes  of  Canadian 
Devonian,  Pt.  II,  viii,  259. 

Contributions  to  Canadian  Palseon- 
tology,  viii,  49.'i. 

Whitfield.  J.  K.,  analyses  of  meteoric 
irons,  iii.  500. 

analyses  of  natural  borates,  etc ,  iv. 
281  ;  Rock  wood  meteorite,  iv,  387;  of 
meteoric  irons,  iv,  472. 

Fayette  Co.  meteorite,  vi,  113. 
analyses  of  waters  of  Yellowstone 
Park,  vii,   234;    new  meteorite  from 
Mexico,  vii,  439. 

Whitfield,  R.  P.,  Fossd  Scorpion,  i,  228: 
MoUusoa  of  clays  and  marls  of  New 
Jersey,  ii,  324. 

Whittle,  ('.  L.,  trap  sheets  of  Connecti- 
cut Valley,  ix,  404. 

Wigand,  A.,  Das  Protoplasma  als  Fer- 
mentorganismus,  vii,  77. 

Wilkes,  G.,  B.  A.  unit  of  resistance^ 
viii,  230. 

Willcox.  J.,  identity  of  modern  Fulgur 
perversus  with  Pliocene  F.  contrar- 
ins,  Conrad,  ix,  352. 

Willey,  H..  Study  of  Lichens,  iv,  75. 

Williams,  A.,  Jr.,  Mineral  Resources  of 
the  United  States,  i,  229;  iii,  317. 
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Williams,  G.  H.,  Peridotites  near  Peeks-  j  Wislicenus,  geometrical  isomerism,  vii, 
kill,  N.  Y.,  i,  26.  !      404. 

Modem  Petrography,  iii,  79 ;  norites    Witirock,  Krythrsese  Exsiccate,  i,  237. 
near  Peekskill,  X.  Y.,  iii,  136,  191;    Woeikof,  A.,  Croll's  hypotheses  of  geo- 
orthoclase  in  norite,  iii,  243.  logical  climateB,  i,  161. 

serpentine  at  Syracuse,  N.  Y.,  iv,    Wohler  memorial,  i,  320. 
137;  minerals  of  Baltimore,  iv,  160;    Wood,  J.  W.,  Jr ,  geographical  develop- 
twin  crystals  of  pyroxene.  Orange  Co.,  |      mem  of  northern  New  Jersey,  ix,  404. 
N.  Y.,  ir,  275.  Wood,  T.  F..  Botanical  work  of  M.  A. 

gabbros  and  diorites  of  "Cortlandt !      Curtis,  i,  159. 
Series,"  near  Peekskill,  N.Y.,  v,438;    Woodward,  A.  S.,  Catalogue  of  British 
petrographical  microscope,  v,  114.        i      fossil  Vertebrata,  ix,  402. 

oontact-metamorphism  near  Peeks-   Woodward,  H.  B.,  Geology  of  England 
kill,  N.  Y.,  vi,  264.  and  Wales,  iv,  158. 

petrography  of  Fernando  de   No- 1  Woodward,  R.  S..  mathematical  theories 
Tonha,  vii,  178.  j      of  the  earth,  viii,  337. 

hemihedrism  in  the  monoclinic  sys- ,  Wright,  G.  F.,  Muir  glacier,  iii,  1 ;  Ice 
tern,  viii,  116.  !      Age  of  North  America,  viii,  412. 

celestite  frran  Mineral  Co.,  W.  Vir- 
ginia,  ix,  183  :  hornblende  of  St.  Law-  i  Y 

rence  Co.,  N.  Y^  ix,  352.  Yeates,  W.  S.,  pseudomorphs  of  native 

Tirir  '^    li^^^^rSf '  "^      t*     .irK^«  oopper  after  azurite,  New  Mexico,  viii, 

WiUiams,  H.  8.,  Devonian  Lamelhbran- ,  ^osfnew  localities  of  phenaciti,  ix 

chiata,  n,  192;  Devonian  system   m  phenacite  not  found  at  Hebron 

N.  America,  v,  61 ;  of  Devonshire,  ix,  I  ^^  '  ^^  259 


31.  -^r.^ 

J,  J.  W ,  < 


•'  '  ,". ',  .J  ,.4.     I  Yellowstone  National  Park,  formation 

eudialyte  and  euoohte,  I     ^^   ^^^^^   ^,^^.^^    ^^^^^   ^^^ 

'•yrJ.  «.i^..K..„  i„  ■     agency  of  algs,  vii,  351,  601. 


Williams, 
from  Arkanaaa, 

Williams^  S    G.,  Ix>wer  Helderberg  in    Yo?o7aia7  M.'^ J^Vi^sIc' pf^nts    from 

New  York,  i,  139.  1      j    -^        '...    /, . 

WUliamson,  W.  C,  Fossil  Plants  of  Coal       ''^P*"'  ^'"'  *'*' 

Measures,  Pt.  XIII,  v,  256;  Pt.  XIV, 

vi,  71. 
WillsoD,  R.  W.,  mode  of  reading  mirror  |  Zoe,  Biological  Journal,  xl,  93. 

galvanometers,  vi,  50;    measurement   Zoetrope,  use  of,  in  crystallography,  ii, 

of  internal  resistance  of  batteries,  viii,        164. 

465 ;  magnetic  field  in  Jefferson  Phy-    Zoological  bibliography,  vii,  80 ;  ix,  1 63. 

sical  Laboratory,  ix,  87,  456.  Bibliotheca,  Chun  and  Leuckart,  iv, 

Wilson,  H.  v.,  on  Manicina  areolata,  vii,        412,  420;  Taschenberg,  v,  505. 

502.  excursions  in  Fayal  and  San  Miguel, 

Winchell,  A.,  Elements  of  Geology,  ii,       Gueme,  vi,  77. 

243;  unconformability  between  Ani- !  Zoologie,    Verzeichniss    der    Schriften 

mikie  and  Vermilion  series,  iv,  314;  <      iiber,  xl,  342. 

Shall  we  teach  Gt^ology?   vii,   319;    Zoology — 

Geological  Report  on  Minnesota,   Ar-        Annelids,  Ehlers,  v,  424. 

chsean  rocks  of  the  Northwest,  vii,  497.        Arthropods,  compound  eyes  of,  Clarke, 
Winchell,  N.  H.,  Geological  and  Natural  ix,  409. 

History  Survey  of  Minn.,  vii,  231.  497 ;  !      Astrangia  Danaj,  vii,  503. 

Geological  Survey  of  Minnesota.  1 888.        Biological  Survey  of  San   Francisco 

ix,  67.  Mt,  etc.,   C.   H.   Merriam   and  L. 

Wind,  prevailing  direction  of,  Hazen,  iv,  ,  Stejneger,  xl,  498. 

461 ;  vane,  theory  of,  Curtis,  iv.  44;        Birds  of  Guadalupe  Island,  iv,  80. 

velocity  and  pressure,  Hazen,  iv,  241.        Cicada,  adaptation  in,  i,  316. 
Wind-action  in  Maine.  Stone,  i,  133.         i      Chrysalides,  gilded,  iii,  321. 
Winds,  Treatise  on,  Ferrel,  viii,  420.  Fauna  of  Groat  Smoky  Mts  ,  Merriam, 

Wiugs  of  birds,  movements  of,  iii,  422.  vi,  458. 

Winkler,  C,  Gas- Analysis,  I  153.  Fish  Entozoa,  Linton,  vii,  239. 

Winnipeg  Lake,  ancient  beaches  of,  viii,        Foraminifera,  Recent  and  Fossil,  Bibli- 

78.  ography  of,  Sherburne,  vi,  29o. 

Winterhalier,  A.  G.,  new  personal  equa-       Forms  of  Animal  Life,  Rolleston,  v, 

tion  machine,  vii,  116.  504. 
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Zoology — 

(Gastropoda  and  Scaphopoda  of  the 
'*  Blake,"  Dall,  yiil  254. 

Insects^  diaeases  of,  ii,  81. 

Japanische  .Seeigel,  Ddderlein,  v,  505. 

LepuB  Americanus,  gustatory  organs 
of,  Tiickerman,  vii,  277. 

Manicina  areolata,  H.  Y.  Wilson,  vii, 
502. 

Medusa,  rhizostomatous,  New  Eng- 
land, Fewkes,  iii,  119. 

Medu!>ie,  deep-sea.  Fewkes,  v,  166. 

MoUusca,  economic  of  New  Bruns- 
wick, Ganong,  ix,  163. 

MoUusks,  deep-sea,  Dall,  xl.  94 ;  from 
dredgingsof  the  ''Blake,"  Dall,  viii, 
254. 

Pelecypoda.  eto.,  phytogeny  of,  Jack- 
son, xl,  421. 


ZOOLOOT — 

Pelecypods,  hinge  of,  and  its  de^elop- 

meEi^  Dall,  yiii,  445. 
Pyrophorus  noctilucus,  light  emitted 

by,  Langley  and  Very,  xl,  07. 
Red-backed   mouse    (Evoiomys  Caro- 

linensis),  Merrinm,  vi,  458. 
Seal,  West  Indian   (Mouachus  trop- 

icalis),  iv,  75. 
Shark,  living  Cladodont,  i,  7.3. 
Sponges,  Monograph  of  Homey,  Leo- 

donQeld,  viii,  417. 
Tissue,  theory  of  origin  of,  Hyatt  i,33'2. 
Tortoise  {Chrysemya  picta)  with  two 

heads,  Barbour,  yi.  227. 
Trilobite,  yisual  area  in,  Clarke,  yii, 

235. 
West  Coast  Shells,  Keep,  v,  264. 

See  i\irther  under  Geology. 
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